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Development of fermented fish silage derived from pelagic sardine and apple pomace 




The ensil age of fi sh and fi sheries derived by-products as alternati ve ingredients to fi sh 
meal in diets for aquacul ture may be an effective strategy to reduce feed and production 
costs of farmed marine fi sh. In this context, the production of fish silage by means of the 
fermentation of whole sardine (Sardina pilchardus) using Lactobacillus p lantarum starter 
culture together with apple pomace eo-product as the principle carbohydrate source was 
developed. Apple pomace is an important eo-product from the cider industry in the UK and 
was ideall y suited for thi s purpose. The minimum of total sugars necessary for a successful 
fermentation was found to be 5% (w/w) which was equivalent to a ratio of 0.15: I apple 
pomace to minced sardine. The optimum conditions for the fermentation process during 
ensilage of sardines in apple pomace and molasses were evaluated. Successful 
fem1entation was obtai ned at 25 and 35°C with an inoculum size of more than 102 cfu i'· 
The effect of autolysis and storage on chemical composition of whole fish and fi sh silage 
was also investi gated. Fish sil age was compared before and after fermentation and 
acidification as well as in the fresh state and after 7, 14, 2 1 and 30 days of storage at 
di fferent temperatures for the fermented fish silage product. Specific changes in the 
proximate composition (i.e. moisture, protein, lipid and ash) of raw fish after the ensiling 
process were obtained. Reduction in the bound protein amino acids and consequent 
elevation in "free" amino acids occurring dUii ng the ensilage process was also noticed. The 
assessment of fetmented fi sh silage storage conditions showed minor effects on the 
prox imate composition and amino acid profile of the finished silage material. Fish silage 
samples tested after storage at all temperatures gave a suffi ciently low pH to maintain a 
successful fe tmentation condition. Storage time and temperature dependency effect 
showed an increase in non-protein nitrogen (NPN) values in both fermented fi sh sil ages. 
An elevation in total volatil e bases (TV B-N) values occuned in apple pomace and 
molasses fi sh sil age as storage time increased. Increases of Free Fatty Acid (FFA) content 
and associated high values ofThiobarbituric Acid Reacti ve Substances (TBARS) in stored 
apple pomace and molasses fi sh silages could indicate a problem with rancidity. 
A comprehensive eva luati on of the nutritional effect of the pat1ial replacement of fis h meal 
by fi sh silage products in the diet of European sea bass (Dicentrarchus labrax) vva 
conducted under laboratory conditions. Feeding sea bass with fi sh sil age based diets 
generated similar or lower growth perfo rmance, feed utilization, protein effi ciency and 
retention compared to the fish meal based diet. 
Extended investi gations showed no evidence of any morphologica l, hi stopathological or 
haematological changes in seabass. Incorporat ion of a polychaete worm meal in the apple 
pomace fish si lage di ets appeared to increase the palatabil ity of diets and improved the 
microvilli morphology of the posterior intestine of seabass. In separate experiments, the 
apparent digestibility coeffi cient of dry matter (A DCd1y maucr) of the experimental diets was 
relatively low. However the apparent digestibility coefficients fo r protein (ADCprn1"in) and 
energy (ADC<'ncrgy) were deemed acceptable fo r all sil ages tested. 
The overall fi ndings of this study indicate that fi sh sil age could be generated by biologica l 
fermentation using by-catch, over-catch and processing waste tlsh with carbohydrates 
obtained fro m industrial waste streams such as, apple pomace from cider prod uction. This 
sil age product was an effecti ve replacement of expensive fish meal in aquaculture feed 
with potenti al for future appli cations in aquafeeds. 
3 
LIST OF CONTENTS 
Copyright statement. ... . .... ............ . ............ . ... . ......... . .......... ... .................. 1 
Title page ..... . . . .... ... . .......... . .............................. . .. .. .......................... . ... 2 
Abstract. ..... . ....... . . ...... . ........ . ... . ............ .... . . ...... . ........... ......... . .... ........ ... 3 
List of tables . . .. . . .. ... .. .. . ................ . ........ . ... . .... . . .......................... . .. . ... ... 12 
List of figures ...... .... . .. . .. ..... . ...................................... . .. . . ..................... 14 
List of plates ................ . .... . .. . .... . ... .. .. . ... . . . .. . .... . ... . ......... ........... . ........ . . 15 
Acknowledgements . ... ... ... . ..... . ...... .... .................... . .. . .. . ...... . .................. 16 
Author's Declaration ........... ........................ . ................ ... ..... . ..... . ........... 17 
List of Abbreviations ................ . .. . ..... . ........ . ... . .. .. . . .... ... . .. . ...... . ... . ....... .. .. 18 
CHAPTER 1. INTRODUCTION ....................... ..... .................... ....................... I 9 
1.1 IMPORTANCE AND GLOBAL OVERVIEW OF AQUACULTURE 
PRODUCTION .......................... ................. .. .... . ..... ..... ........... .... ...... 20 
1.2 AQUACULTURE NUTRITION ... .. .. ... .. .. .. ... ..... .... ....... ..... .... ....... 21 
1.2. 1 Altemative protein sources to fi sh meal in marine fi sh diets ............................ 22 
1.2. 1 .I Plant proteins ...................................................................... ... .... ....... .......... 22 
1.2. 1.2 Ani1nal proteins ...................... ... ..... ...... ..... ........ ..... .............. .. ... ...... .. .. .. ...... 25 
1.2.1.3 ovel proteins ....... .. .. ........ ......... ............ ........... .... .......... .... .... ... ............ .. ... 26 
1.3 FISH SILAGE AND NUTRITIVE VALUE FOR AQUACULTURE.28 
1.3.1 Fish Silage vs Fish Meal ..................................... ... .... ........................... ..... ...... .. 2 
1.3.2 Preparation of fish sil age ........ .................... ...... ....... .... ..... .................... ............. 29 
1.3.2. 1 Acid fi sh silage .... ... ...... .... .......... ......... ........... .. .. .. ............ ................ .......... 29 
1.3.2.2 Fermentati ve tish sil age .............. ............ ......... .... ............ .. .. .... .. ................. 29 
1.3.3 Optimum condition necessary fo r the fermentation of fi sh for sil age 
production ... ... ............. .. ... . .. . .............. . ........ . . . . . ....... .... . ................... 30 
1.3.4 Effect of autolys is and t01·age on chemical composition of whole ti sh and fish 
s il age .............................. ..... ......... ..... ................... ...... ..... ..... ............. .. ............. .. ......... 31 
1.3.5 utriti ve va lue of fish si lage ............................................................... ............... 34 
1.4 IMPORTANCE OF APPLE POMACE AS A FERMENTABLE 
SU BST RATE ........ .............................. ...... ... ................................ ..... 36 
1.5 FISH MODEL (EU ROPEAN SEA BASS) ..... .................................. 37 
1.5. I Biological and Eco logical features ............... ......... ... ......................................... 3 7 
4 
1.5.2 Culture of European seabass .................... .......... ... ..... .... ................ ...... ... ..... ...... 37 
1.5.3 Nutritional requirements of European seabass .. ..... ...... ...... ............ ....... ......... .. . 38 
1.5.3. 1 Dietary proteins and amino acids ................................... ...... .. .. .. ................. 38 
1.5.3.2 Lipids and fatty acids ............................. .................................... .... ........ ..... 40 
1.5.3 .3 Carbohydrate .................. .......... .... .... ... ... .... ..... ... ...... .... .. .. ..... ...... .... ... .. ..... .. 40 
1.5.3.4 Vitamins and minerals ........................... ... ................................. ...... ..... ... ... 4 1 
1.6 AIMS AND OBJECTIVES OF THE PRESENT STUDY ........ ......... .42 
CHAPTER 2. GENERAL MATERIALS AND METHOD ... .... .... .......... .44 
2.1 RAW MATERIALS ...................................................................................... ..... 45 
2.1. 1 Fish ... .............. .. ............. .. ...... .. .. ... .... ... .. ................ ..... ... ...... ........ ...... .. .... ..... ...... 45 
2. 1.2 Inoculum .......... ........... ..... ..... ..... ...... .............. ... .. ....................................... ..... ... 45 
2. 1.3 Apple pon1ace I ................ .. .. .. ...... .. ................................. .. ................... .. ........... 45 
2. 1.4 Apple pomace 2 .. .... ............ .. ......... ... ...... ............ ............. ... .... ........ ........... ... .... . 46 
2. 1.5 Molasses ............. ........ ..... ................ ................... ........ ...... .... ... .... ....................... 46 
2.2 METHODS ............................. ........ ..... .. .... .. .. ..... .. ...... .. ......... ......... ......... ... ... ....... 46 
2.2.1 Analytical chemistry methods ...... ... .. .. ..... ...... ......................... .. ........................ 46 
2.2. 1.1 Determination of pH ....... ... ........ .. .. ..................................................... ........ 47 
2.2. 1.2 Determination of moisture content ........ ......... ...... .............. .... .. .............. ... . 47 
2.2. 1.3 Determination of a h content.. ................. ........... .. .. ... ... .............................. 47 
2.2. 1.4 Determination of protein content .. ....... ...... ...... ........................................... 47 
2.2. 1.5 Dete1mination of total lipid .... ............... ......... .. .. .... ................................ .... . 48 
2.2 .1.6 Determination of gross energy ............... ... .. .... ...... ...................................... 49 
2.2. 1.7 Determination of minerals ................... .. .......... ... .. ...... .... .. .. ................... ..... 49 
2.2.2 Other material s and methods ................ .. ........ ................................................... 50 
CHAPTER 3. THE PRODUCTION OF FERMENTED FISH SILAGE 
USING APPLE POMACE AS A CARBOHYDRATE SOURCE AND 
LACTOBACILLUS PLANTARUM AS AN INOCULUM ............. . .... 5 1 
3.1 INTRODUCTION ......... .. ... ............ .. ....... ................ .. ... .. .. ........... ........... .. .......... 52 
3.2 MATERIALS AND METHODS ............ ........................................................ 54 
3.2. 1 Raw material s ................. .. ........ ..... ....... .. .... .. .......... ..................... ................ .. .. .. 54 
3.2.2 Experiment I: Evaluation of a ca rbohydrate level necessary for a successful 
fermentation for apple pomace fi h silage production .......... .... .. .. ......................... ... .. 54 
3.2.2. 1 Experiment 1.1: Eva luation of 2%, 4%, 6%, 8% and I 0% as a tota l sugar in 
the fermentation mi xture ........ ............... .............................................. ..... ....... ........ 54 
5 
3.2.2.2 Experiment 1.2: Evaluation of 4%, 5% and 6% as total sugars in the 
fermentation mixture ............................................................................................... 55 
3.2.3 Experiment 2: Evaluation of optimum levels of molasses necessary for a 
successful fermentation for fish silage production ..................................................... 55 
3.2.4 Experiment 3: Effect of inoculum size ofL. p/antart/111 on fermentation 
process ........................................................................................... 55 
3.2.5 Experiment 4: Effect of incubation temperature on fem1entation process ........ 56 
3.2.6 Experiment 5: effect of fermentation on the microbiological characteristics of 
fish silage .................................................................................................................... 56 
3.2.7 Detennination of pH .......................................................................................... 56 
3 .2.8 Detennination of titratable acidity ..................................................................... 56 
3.2.9 Proximate composition analysis ........................................................................ 57 
3.2.1 0 Detem1ination of total sugars and sucrose by volumetric method ................... 57 
3.2.11 Detem1ination of short chain organic acids and sugars by HPLC ................... 58 
3.2.12 Microbiological examination ........................... : ............................................... 59 
3.2.13 Statistical analysis ............................................................................................ 59 
3.3 RESULTS ............................................................................................................. 59 
3.3.1 Experiment 1.1 ................................................................................................... 59 
3.3.2 Experiment 1.2 ................................................................................................... 65 
3.3.3 Experiment 2 ...................................................................................................... 68 
3.3.4 Experiment 3 ...................................................................................................... 70 
3.3.5 Experiment 4 ..................................................................................................... 72 
3.3.6 Experiment 5 ...................................................................................................... 73 
3.4 DISCUSSION ...................................................................................................... 76 
3.4.1 Experiment 1.1 and Experiment 1.2 .................................................................. 76 
3.4.2 Experiment 2 .................................................................................................... 77 
3.4.3 Experiment 3 ...................................................................................................... 77 
3.4.4 Experiment 4 ...................................................................................................... 78 
3.4.5 Experiment 5 ...................................................................................................... 79 
CHAPTER 4. CHANGES IN COMPOSITION AND CHEMICAL 
PROPERTIES OF SARDINE SILAGE DURING ENSILAGE AND 
STORAGE ...................................................................................... 80 
4. I INTRODUCTION ......................................................................................... 8 I 
4.2 MATERIALS AND METHODS ................................................................... 82 
4.2. I Raw materials .................................................................................................... 82 
6 
4.2.2 Experiment I: Effect of fennentation and acid preservation on composition of 
minced sardine ............................................................................................................ 82 
4.2.2.1 Apple pomace fish silage preparation ......................................................... 82 
4.2.2.2 Molasses fish silage preparation ................................................................. 82 
4.2.2.3 Fonnic acid fish silage preparation ............................................................. 83 
4.2.2.4 Sulphuric acid tish silage preparation ......................................................... 83 
4.2.2.5 Fonnic +Sulphuric acids fish silage preparation ....................................... 83 
4.2.3 Experiment 2: Effect of storage on composition and chemical characteristics of 
fennented fish si I age ................................................................................................... 83 
4.2.3.1 Apple pomace fish silage preparation ......................................................... 83 
4.2.3.2 Molasses tish silage preparation ................................................................. 84 
4.2.4 Proximate composition analysis ........................................................................ 84 
4.2.5 Amino acids and free amino acids analysis ....................................................... 85 
4.2.6 Detennination of pH .......................................................................................... 85 
4.2.7 Detennination ofTotal Volatile basis (TVB-N) ................................................ 85 
4.2.8 Determination ofThiobarbituric Acid Reactive Substances (TBARS) ............. 85 
4.2.9 Determination of non-protein nitrogen (NPN) .................................................. 86 
4.2.1 0 Detennination of free fatty acids (FF A) .......................................................... 87 
4.2.11 Statistical analysis ............................................................................................ 89 
4.3 RESULTS ............................................................................................................. 90 
4.3.1 Experiment I ...................................................................................................... 90 
4.3.1.1 Proximate composition ............................................................................... 90 
4.3.1.2 Total amino acids ........................................................................................ 90 
4.3.1.3 Total free amino acids ................................................................................. 91 
4.3.2 Experiment 2 ...................................................................................................... 96 
4.3.2.1 Proximate composition ............................................................................... 96 
4.3.2.2 Total amino acids ........................................................................................ 97 
4.3.2.3 Total free amino acids ................................................................................. 97 
4.3.2.4 pH .............................................................................................................. 102 
4.3.2.5 NPN .......................................................................................................... 102 
4.3.2.6 TVB-N ...................................................................................................... I 03 
4.3.2.7 TBARS ...................................................................................................... 104 
4.3.2.8 FFA ........................................................................................................... 105 
4.4 DISCUSSION ................................................................................................. 108 
7 
4.4.1 Experiment I .................................................................................................... I 08 
4.4.1.1 Proximate composition ............................................................................. I 08 
4.4.1.2 Total amino acids ...................................................................................... I 09 
4.4.1.3 Total free amino acids ............................................................................... I 09 
4.4.2 Experiment 2 .................................................................................................... Ill 
4.4.2.1 Proximate composition ............................................................................. Ill 
4.4.2.2 Total amino acids ...................................................................................... Ill 
4.4.2.3 Total free amino acids ............................................................................... 112 
4.4.2.4 pH .............................................................................................................. 112 
4.4.2.5 NPN .......................................................................................................... 112 
4.4.2.6 TVB-N ...................................................................................................... 113 
4.4.2.7 TBARS ...................................................................................................... 114 
4.4.2.8 FF A ........................................................................................................... 115 
CHAPTER SA. PARTIAL REPLACEMENTOF FISH MEAL IN 
EUROPEAN SEA BASS DIETS USING FERMENTED FISH 
SILAGE: EFFECTS ON GROWTH PERFORMANCE, FEED 
EFFICIENCY AND UTILIZATION ............................................... ll7 
5A.l INTRODUCTION ......................................................................................... 118 
5A.2 MATERIALS AND METHODS .............................................................. 120 
5A.2.1 Raw materials for fish silage preparation ..................................................... 120 
5A.2.2 Fish silage preparation .................................................................................. 120 
5A.2.2.1 Apple pomace fish silage ....................................................................... 120 
5A.2.2.2 Molasses fish silage ............................................................................... 120 
5A.2.2.3 Formic acid tish silage ........................................................................... 121 
5A.2.3 Fish and experimental design ........................................................................ 121 
5A.2.4 Experimental diets ........................................................................................ 121 
5A.2.5 Facilities and experimental condition ........................................................... 124 
5A.2.6 Feed et1iciency, growth and survival indices ............................................... 126 
5A.2. 7 Proximate composition analysis ................................................................... 127 
5A.2.8 Determination of mineral content ................................................................. 128 
5A.2.9 Detcnnination of gross energy ...................................................................... 129 
5A.2.1 0 Statistical analysis ...................................................................................... 129 
5A.3 RESULTS ........................................................................................................ 130 
5A.3 .I Growth and feed performance ...................................................................... 130 
8 
5A.3.2 Carcass composition and nutrient utilization ................................................ 130 
5A.4 DISCUSSION ................................................................................................. 133 
CHAPTER 58. PARTIAL REPLACEMENT OF FISH MEAL IN 
EUROPEAN SEA BASS DIETS USING FERMENTED FISH 
SILAGE: GENERAL HEALTH, HAEMATOLOGICAL 
EXAMINATION OF KEY DIGESTIVE ORGANS AND 
TISSUES ....................................................................................... 137 
58.1 INTRODUCTION ......................................................................................... 138 
58.2 MATERIALS AND METHODS ............................................................... 139 
58.2.1 Fish sampling and handling techniques ........................................................ 139 
58.2.1.1 Condition factor (K) ............................................................................... 140 
58.2.1.2 Hcpato-Somatic index (HIS) .................................................................. 140 
58.2.1.3 Haematological analysis ......................................................................... 140 
58.2.1.3.1 Blood collection .......................................................... 140 
58.2.1.3.1.1 Leukocyte counts ................................................................... 140 
58.2.1.3.1.2 Haematocrit value determination ................................. 141 
58.2.1.4 Histological studies ............................................................ 141 
58.2.1.4.1 Histological preparation and staining techniques for light 
microscopy .............................................................................. 141 
58.2.1.4.1.1 Liver lipid deposition assessment. ............................... 142 
58.2.1.4.1.2 Image analysis of villi ............................................. 143 
58.2.1.4.2 Histological preparation for scanning electron microscopy (SEM). 
examination or gut. ................................................................... 145 
58.2.1.4.2.1 Sampling screening and image analysis ofmicrovilli ......... 145 
58.2.2 Statistical analysis ......................................................................................... 146 
58.3 RESULTS ........................................................................................................ 146 
58.3.1 General health parameters ............................................................................. 146 
58.3 .2 Hacmatological parameters ........................................................................... 14 7 
58.3.3 Gut histology ................................................................................................. 148 
58.3.3.1 Electron microscopy ............................................................................... 148 
58.3.3.2 Light microscopy ............................................................................... 148 
58.3.4 Liver histology ......................................................................................... 152 
58.4 DISCUSSION ........................................................................................ 155 
CHAPTER 6. DETERMINATION OF APPARENT NUTRIENT 
DIGESTIBILITY COEFFICIENTS AND PALATABILITY OF FISH 
9 
SILAGE FED TO EUROPEAN SEA BASS, DICENTRARCHUS 
LABRAX .................................................................................................................. 158 
6.1 INTRODUCTION ............................................................................................ 159 
6.2 MATERIALS AND METHODS .................................................................. 160 
6.2.1 Raw materials for fish silage preparation ........................................................ 160 
6.2.2 Fish Si I age Preparation .................................................................................... 160 
6.2.3 Digestibility and palatability trials ................................................................... 160 
6.2.3.1 Stock fish .................................................................................................. 160 
6.2.3.2 Digestibility trial ....................................................................................... 161 
6.2.3.2.1 Experimental diets ........................................................... 161 
6.2.3.2.2 Facilities, experimental design and conditions ........................... 162 
6.2.3.2.3 Faecal collection and treatment ............................................ 163 
6.2.3.2.4 Calculation of nutrient apparent digestibility coefficient. .............. 164 
6.2.3.3 Palatability trial ......................................................................................... 164 
6.2.3.3 .I Experimental diets ........................................................... 164 
6.2.3.3.2 Facilities, experimental design and conditions ........................... 165 
6.2.3.3.3 Palatability assessment. ..................................................... 167 
6.2.4 Proximate composition analysis ...................................................................... 167 
6.2.5 Determination of gross energy ......................................................................... 168 
6.2.6 Determination of Yttrium ................................................................................ 168 
6.2.7 Statistical analysis ............................................................................................ 168 
6.3 RESULTS .......................................................................................................... 169 
6.3.1 Apparent digestibility coefficient ................................................................... 169 
6.3.1.1 Dry matter digestibility ............................................................................. 169 
6.3.1.2 Protein digestibility ................................................................................... 169 
6.3.1.3 Energy digestibility ............................................................................... 169 
6.3.2 Palatability ....................................................................................................... 170 
6.4 DISCUSSION .................................................................................................... 172 
CHAPTER 7. GENERAL DISCUSSION AND CONCLUSIONS ...... l75 
7.1 FUTURE WORK .......................................................................................... 182 
7.1.1 Extending the application of !Ceding apple fish silage to other fish species ... I 82 
7.1.2 Removal of fat ti·om silage product ................................................................. I 82 
7.1.3 Evaluation fish silage diet on a commercial scale ........................................... l 82 
10 
7 .1.4 Flesh quality of wild vs fanned sea bass (Dicelllrarchus labrax) ................... 183 
7.1.5 Implication of other carbohydrates sources other than apple pomace ............. 184 
7.1.6 Detection ofbiogenie amines as a fish silage quality criterion ....................... 184 
7.1.7 Cost evaluation of fish silage as alternative to fish meal in fish diet using 
Libyan local ingredients ............................................................................................ 185 
REFERENCES ....................................................................................................... 187 
11 
LIST OFT ABLES 
Table 3.1: Proximate composition (Mean±SD, % w/w wet matter) of whole sardine 
and Braeburn's apple pomace used in the production of apple pomace fish silage ...... 61 
Table 3.2: Sugars and organic acids content during the fem1entation of whole 
sardine with different ratios of apple pomace by Lactobacillus p/anlarum at 35"C ...... 63 
Table 3.3: Sugars and organic acids content during the fennentation of whole 
sardine with different ratios of apple pomace without inoculation by Lactobacillus 
plantarumat 35"C .................................................................................. 64 
Table 3.4: Proximate composition (Mean±SD,% w/w wet matter) of whole sardine, 
apple pomace and molasses used in the fennentative apple pomace and molasses 
fish silage .......................................................................................... 65 
Table 3.5: Sugars content during the fennentation of whole sardine with different 
ratios of apple pomace by Lactobacillus plantarum at 35"C ................................ 67 
Table 3.6: Sugar content during the fermentative ensiling of whole sardine with 
different ratios of apple pomace without inoculation by Lactobacillus plantarum at 
35"C ................................................................................................. 67 
Table 3.7: Effect of different levels of molasses and length of incubation on pH 
decline in whole sardine during fennentation by Lactobacillus plantarum at 35"C. .. 68 
Table 3.8: Effect of Lactobacillus plantarum inoculum size on pH decline during 
fennentation of apple pomace and molasses tish silage .............................................. 71 
Table 3.9: Effect of different temperatures on pH decline during fermentation of 
apple pomace and molasses fish silage ......................................................... 74 
Table 3.10: Lactic acid bacteria count during fennentation of apple pomace and 
molasses tish silage under different levels of temperature ................................... 75 
Table 3.11: Total population counts of micro-organisms on apple pomace and 
molasses fish silage at various times after preparation ....................................... 75 
Table 4.1: Amount of 0.03 M oleic acid in hexane, diluted to I 0 ml, which 
representing chosen m mol of oleic acid ........................................................ 89 
Table 4.2 : Proximlltc composition (Mean±SD,% w/w wet mlltler) of whole sardine, 
apple pomace and molasses used in the preparation of fcnnentecl and acid tish 
Silllge ................................................................................................ 91 
Table 4.3: Proximate composition (Mean±SD, '% w/w wet matter) of whole sardine 
before and after fermentation with L. plantarum and acidi lication with organic 
and mineral acids at 35°C ........................................................................ 92 
Table 4.4: Amino acid content ('Yo w/w dry matter) of whole sardine before and after 
fennentation at 35"C by L. plantarum ...... .................................................... 93 
Table 4.5: Amino acid content(% w/w dry matter) of whole sardine before and atler 
acidification at 35"C .............................................................................. 94 
Table 4.6: Proximate composition (Mean± SD,% w/w wet matter) of whole sardine, 
apple pomace and molasses used in the prepllration of apple pomace and molasses 
lish silage of storage experiment. ............................................................... 96 
Tahle 4.7: Proximate composition (Mean± SD,% w/w wet matter) of apple pomace 
tish silage before and after 30 clays storage at 15"C. 25°C. 35°C and 45°C ............. 98 
Table 4.8: Proximate composition (Mean ±SD,% w/w wet matter) of molasses !ish 
silage bel(xe and alkr 30 days storage at I5°C 25°C, 35°C and 45°C .................... 98 
Table 4.9: Amino acid content ('Yc, w/w dry matter) of apple pomace lish silage bel(m: 
and after 30 days of storage at 35"C, 25"C, 15"C and 45"C. ................................ 99 
Table 4.10: Amino acid content(% w/w dry matter) of molasses tish silage before 
and after 30 days of storage at 15"C, 25"C, 35"C and45"C ................................. 1 00 
12 
Table 4.11: Chemical characteristics of apple pomace fish silage stored at IS°C, 
2S°C, 3S°C and 4S 0 C. ........................................................................... 106 
Table 4. I 2: Chemical characteristics of molasses fish silage stored at IS°C, 2S°C, 
3S°C and 4S°C .................................................................................... 1 07 
Table 5A.1: Formulation and chemical composition of experimental diets 
(Mean± SD) in feeding trial experiment. ..................................................... 123 
Table 5A.2: Proximate composition (Mean± SD,% w/w wet matter) of whole 
sardine, apple pomace and molasses used in the preparation of fem1cntcd and 
acid fish silage .................................................................................... 127 
Table 5A.3: Proximate composition (Mean± SD, % w/w dry matter) of ingredients 
used in the experimental fish diets preparation .............................................. 128 
Table 5A.4: Mineral content of fish meal, fermented and acid fish silage 
(Mean± SD) in dry basis weight. ............................................................. 129 
Table 5A.5: Growth pcrfonnance, feed conversion ratio (FCR), protein efficiency 
ratio (PER) and net protein utilization (NPU) of sea bass fed with experimental 
diets for 9 weeks (Mean± SD of 3 replicates) ............................................... 132 
Table 5A.6: Fish carcass composition (g 100g· 1 wet weight) of whole tish at start 
and end of experimental period on each test diet (Mean± SD of 3 replicates) .......... 133 
Table 58.1: General health and haematology parameters of sea bass after 9 weeks 
feeding on experimental diets (Mean± SD) ................................................. ISO 
Table 58.2: Gut m01vhology of sea bass fed acid and fcnncnted fish silage 
diet (Mean± SD) ................................................................................ ISO 
Table 58.3: Prevalence of lipid in sea bass liver fed acid and fem1ented tish silage 
diet (Mean± SD) ................................................................................. 154 
Table 6.1 : Fonnulation and chemical composition (Mean± SD) of experimental 
diets in digestibility trial. ....................................................................... 162 
Table 6.2: Fonnulation and chemical composition of experimental diets 
(Mean±SD) in palatability trial. ............................................................... 16S 
Table 6.3: Proximate composition (Mean± SD,% w/w wet matter) of whole sardine, 
apple pomace and molasses used in the preparation of fennented and acid fish 
silage ............................................................................................... l67 
Table 6.4: Proximate composition (Mean± SD, g/100 g dry matter) of 
ingredients used in the experimental tish diet preparations ................................ 168 
Table 6.5: Dry matter and nutrient app<~rent digestibility coefficients (ADC), 
(Mean±SD) calculated on a diet basis in sea bass ........................................... I 71 
Table 6.6: Specific growth rate(%) (SGR), feed conversion ratio (FCR) <Jnd relative 
average daily feed intake(% bw/d) (RADFI) (Mean± SD) determined throughout 
the palatability trial. ............................................................................. 171 
13 
LIST OF FIGURES 
Figure 3.1: Effect of ratio of apple pomace to tish (whole sardine) on the 
development of pH over time during fem1entation at 35"C after inoculation with 
Laclobacillus p/an/arum. Bars denote means values± SO. abc Significant difference 
(P<0.05) between histograms Bearing different letters ..................................... 62 
Figure 3.2: Effect of ratio of apple pomace to fish (whole sardine) on the 
development oftitratable acidity over time during fennentation at 35"C after 
inoculation with Laclobacillus p/anlarum. Bars denote means values± SO ............. 62 
Figure 3.3: Effect of ratio of apple pomace to fish (whole sardine) on the 
development of pH over time during fennentation at 35"C after inoculation 
with Laclobacillus p/anlarum. Bars denote means values± SO. abcSigniticant 
difference (P<0.05) between histograms bearing different letters .......................... 66 
Figure 3.4: Effect of ratio of apple pomace to fish (whole sardine) on the 
development of lactic acid over time during fem1entation at 35"C after inoculation 
with Laclobacillus plan/arum. Bars denote means values± SO ............................ 66 
Figure 3.5 : Sugars and organic acids content during fennentation of whole sardine 
using 20% molasses and Lac/obacillus p/anlarwn at 35°C ................................. 69 
Figure 3.6: Sugars and organic acids content during fcnncntation of whole 
sardine using 20% molasses and without inoculation by Lactobacillus 
p/anlarum at 35°C ......................................................................................................... 69 
Figure 4.1: Example of standard curve prepared from cupric oleate solutions of 
known concentration used tor detennining the concentration of oleic acid (mmol) 
in unknown samples .............................................................................. 89 
Figure 4.2: Total free amino acid content(% of total individual AA) of whole 
sardine before and after acidification at 3 5"C. *Formic acid tlsh si I age.* *Sulphuric 
acid fish silage. ***Fom1ic+ Sulphuric acid tish silage ...................................... 95 
Figure 4.3: Total ti·cc amino acid content(% of total individual AA) of whole 
sardine be tore and after fcnnentation at 35"C by L. plan/a rum. *Apple pomace 
fish silage. **Molasses tish silage ............................................................... 95 
Figure 4.4: Total free amino acids content (0/c, of total individual AA) of apple 
pomace tish silage before and after 30 days storage at at 15"C, 25°C, 35°C and 
45°C ................................................................................................ ! 01 
Figure 4.5: Total tree amino acids content (%of total individual AA) of molasses 
tish silage be tore and a tier 30 days storage at at 15"C, 25°C, 35°C and 45°C ........... ! 0 I 
Figure SA.I: Growth performance of sea bass fed experimental diets tor 9 weeks ... 13 I 
14 
LIST OF PLATES 
Plate 5A.I: Recirculation mmine system B in the Aquaculture and Fish Nutrition 
Research Aquarium, University of Plymouth used in the feeding 
trial with European seabass .......................................................................................... 125 
Plate 5A.2: Sea bass juveniles in the experimental system of the University of 
Plymouth during mass weighing of fish ...................................................... 126 
Plate 58.1: Example of using eyepiece graticule, Wcibel2 for the detection of 
lipid deposition in Mallory's liver section of sea bass ...................................... 142 
Plate 58.2: Sample of light microscopic images of posterior intestine 
(magnification x4) used to detennine the perimeter ratio. The different 
photographs are from fish fed (A) fish meal, (B) APFS, (C) APFS+ I %PWM, (D) 
APFS+5%PWM, (E) MFS and (F) FAFS ................................................................... l44 
Plate 58.3: Example of threshold adjustments of light microscopy image 
(sea bass posterior intestine) using Image J (Y.l.40) for determine gut 
perimeter ratio .................................................................................... 145 
Plate 58.4: Example of threshold adjustments ofSEM micrographs (sea bass 
posterior intestine) using Image J (V.l.40) for the analysis of microvilli density. 
Right transfom1ed images for analysis. The density value (as arbitrary 
units, AU) was dctem1ined by calculating the ratio of black to white .................... 146 
Plate 58.5: SEM micrograph of posterior intestine of sea bass showing 
surface detail. .................................................................................... 149 
Plate 58.6: SEM micrographs of the posterior intestine of sea bass microvilli 
fed, A) control diet. B) APFS diet. C) APFS+ I %PWM diet. D) APFS+5'YoPWM 
diet. E) MFS diet. F) FAFS diet. .............................................................. 151 
Plate 58.7: Example of intestinal folds and mucus cells in Mallory's stained 
section of the gut (posterior intestine) of sea bass (magnification x 20) 
I: Mucosal epithelium, 2: Lamina propria. 3: Muscularis and 4: Serous 
membrane. Black arrows indicate goblet cells. A: fish fed control diet and 
B: fish fed APFS + 5% PWM .................................................................. 152 
Plate 58.8: Mallory's stained livers sections of sea bass (magnification x40). 
The different photographs arc fi·om fish fed (A) fish meal, (B) APFS, 
(C) APFS+l%PWM. (D) APFS+5%PWM, (E) MFS and (F) FAFS .................... 153 
Plate 58.9: Example of PAS liver stained section of sea bass fed 
APFS+ I% PWM showing normal glycogen deposition and distribution ............... 154 
Plate 6.1: Sea bass juveniles in the experimental system of Fish Nutrition 
Laboratory, Canakkkale Onsekiz Mart University, Turkey, used in digestibility 
palatability and trials ............................................................................ 161 
Plate 6.2: Flow through marine tank system in the Fish Nutrition Laboratory. 
Canakkkale Onsekiz Mart University, Turkey. used in palatability trial. ................ 163 
Plate 6.3: Flow through marine tank system supplied with tish faeces collection 
device in Fish Nutrition Laboratory. Canakkkale Onsekiz Mart University, Turkey, 
used in digestibility trial. ...................................................................... 166 
15 
Acknowledgements 
I would like to thank all the pcrsuns who have helped and supported mc during the 
completion of this study at the University of Plymouth. 
First of all, I would like to thank Prof. Simon Davies, my director of studies for his 
supervision, guidance and support during the period of my PhD programme. Also, I 
would like to thank Dr. Graham Bradley, my second supervisor for his help, support and 
advice on the thesis. My thanks also extended to Prof. Peter Olive, my third supervisor 
(Newcastle University) for his help and valuable encouragement to initiate my research. 
I would like to thank the Libyan Higher Education Auth01ity for their valuable 
sponsorship which was provided to fund my studies. 
My thanks especially to all my friends and colleagues at the University of Plymouth: 
Paul Waines, Dr. Jerome Lapm1e, Dr. Stuart Maudling, Dr. Daniel Men·ifield, Dr. 
Sebastian Rider, Arkadios Dimitroglou, Matthew Owen, Dr. Aziwo Niba and Dr. James 
Reeves for their help and kindness when needed. 
I would like to thank all the technical staff that gave invaluable assistance when they 
were asked for help, these include; Robet1 Serwata, Kelly Serwata, Liz Folland, Nikki 
Blatchford, Ben Eynon, Trevor Worsey, Natalie Sweet, Peter Russell, Michele 
Kiennan, Sarah Jamieson, Angela HmTop, Roger Haslam, Rick Preston, Nick Cracker, 
Andy Atlield and Andy Fisher. In addition, Mr Chris Coleman for administrating my 
requirements for all my materials and general laboratory facilities. 
Also my thankful to lnterfish, Seabait, Thatchers Cider and United Molasses companies 
(England, UK) for providing some of the raw materials used in this research. 
I also extend my appreciation to Dr. Roy Moate, Peter Bond, Mike Hocking and Glenn 
Harper the staff members of the Electron Microscopc Centre of the University of 
Plymouth for their expert technical help. Also to Prof. Richard Handy and Mr Paul 
Russcll for their advice on speci fie techniques. 
My thanks also to Mr Derya Guroy and Dr. Ahmet Tekinay (Canakkkale Onsekiz Mart 
University, Turkey) for their invaluable help in my digestibility and palatability trials 
for providing specialized facilities. 
I would like to express my gratitude to my ti·iends Dr. Mohsen Alarbash and Omran 
Zcrbit for their support in difticult circumstances. 
A spceialthanks to all my brothers, sisters and my wire for their support during my PhD 
study and patience. 
Finally, this thesis is dedicated to the memory of my dearest parents and eldest brother 
who supported and encouraged me throughout my school, university and higher studies. 
They will always be remembered. 
16 
Author's Declaration 
At no time during the registration for the degree of Doctor of Philosophy has the author 
been registered for any other University award without prior agreement of the graduate 
committee. 
This study was financed by the Libyan higher Education and all investigations reported 
in this thesis confonn to the UK 1986 Animal Scientific Procedures Act under the 
specific Project Licence (PPL #30/2135). This was also in compliance with the 
University of Plymouth Ethical Review Committee. 
Word count: 48,800 
Signed ............. -::A ... e.J..I ........... . 
Date ...... \.\.../.9'1 .. /L.o.Q.9 ........ . 
17 












































Apparent Digestibility Coefficient 
Apperent Net Protein Utilization 
Association of Official Analytical Chemists 
Apple Pomace Fish Silage 
Arbitrary Units 
Water activity 
Butylated Hydroxy Toluene 
Bovine Spongifonn Encephalopathy 
Colony Forming Unit 
Essential Amino Acid 
Formic Acid Fish Silage 
Feed Conversion Ratio 
Free Fatty Acid 
Haematocrit value 
Hepato-Somatic Index 
High-Perfonnance Liquid Chromatography 
Condition factor 
Kilo Joules 
Inoculation with Lactobacillus plantarwn 
Without inoculation with Lacrobacil/us plantarum 
Molasses Fish Silage 
Megajoules 
De Man, Rogosa and Sharpe (broth/agar) 
Tricane methyl sulphonate 
metric tonnes 
Non-Essential Amino Acid 
Non-Protein Nitrogen 
National Research Council 
Periodic acid Schiff s 
Phosphate Buffered Saline 
Protein Efficiency Ratio 
Poly Unsaturated Fatty Acids 
Polychaete Wom1 Meal 
Relative Average Daily Feed Intake 
Scanning Electron M icroscopy 
Specific Growth Rate 
Thiobarbituric Acid 
Thiobarbituric Acid Reactive Substances 
Trichloroacetic Acid 
Tryptone SoyAgur 






l.IIMPORTANCE AND GLOBAL OVERVIEW OF 
AQUACULTUREPRODUCTION 
Fish and other seafood products have made an important contribution to the global food 
security including capture fisheries and aquaculture production which together supplied 
the world with about 110 million tonnes of food fish in 2006. Aquaculture accounted for 
47% of this output. Global capture fisheries production in 2006 was about 92 million 
tonnes, comprising around 82 million tonnes from marine waters and I 0 million from 
inland waters (FAO, 2008). China alone produced more than 17 million tonnes and all 
Asian countries combined accounted for 52% of the global capture production. As the 
world population increases, aquatic food demand is expected to be rise, therefore, world 
fish supplies ti"om the capture fisheries sector will tail to meet the increasing global 
demand for seafood due to levelled off the globally production from capture fisheries 
sector. Most of the main fishing zones have registered their maximum potential. In this 
manner the aquaculture sector is expected to make a significant contribution to 
theincreasing demand for seafood. Aquaculture is expanding more rapidly compared to 
all other animal food-producing activities, ti·om a production of less than I million 
tonnes per year in the early 1950s, to a rep011ed level of 51.7 million tonnes in 2006 
with an annual growth rate of approximately 7% of this total, Asia-Paci tic region 
accounts tor 89% in terms of quantity and 77% in terms of value (FAO, 2008). In 2006, 
most aquaculture production of fish, crustaceans and molluscs originated ti·om inland 
waters (61 'Yr, by quantity and 53% by value). Freshwater aquaculture contributed 58'!/o 
by quantity and 48% by value whereas marine aquaculture contributed 34% by quantity 
and 36'Y,, by value. The contribution of the aquaculturc industry to world supplies of 
tish, crustaceans, molluscs and other aquatic animals has been growing, rising from 
3.9% of total production by weight in 1970 to 36% in 2006. At Present, aquaculture 
accounts for 76% or world fi·eshwater tintish production, 65% or mollusc and 
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diadromous fish production. The aquaculture contribution of crustaceans reached to 
42% in 2006 (FAO, 2008). 
1.2 AQUACUL TURE NUTRITION 
it is known that fish generally have a high feed conversion ratio ( 1.2 kg feed/1 kg flesh) 
comparing to other land animals such as, poultry (3 - 5 kg feed/1 kg flesh) and pigs (8 
kg feed/ I kg flesh) and require higher level of protein in their feeds because they need 
less energy for maintenance of nom1al body functions compared to wann blooded 
animals such as poultry, swine, and cattle (TheFishSite, 2008). Also several species of 
fish, such as trout and salmon obtain their energy ti·om protein and fats more efficiently 
than from carbohydrates. Commercial diets fonnulated tor tilapia or catfish contain 32-
40% protein, while those fonnulated for trout, salmon, sea bass and sea bream contain 
around 44-50% protein, on a dry weight basis. On the other hand grower diets for most 
teJTestrial animals seldom exceeds 20% protein on a dry matter basis (Miles & 
Chapman 2008). Fish meal is the preferred animal protein supplement in the diets of 
many terrestrial animals and the main source of protein in feeds for cultured carnivorous 
fish species. Typically the inclusion level of tishmeal in diets tor carp and tilapia is 5-
7% and up to 40'%-55°/., in trout, salmon, and some marine fishes such as sea bass and 
sea bream, while inclusion rates of fishmeal in terrestrial animal diets is usually only 
5% or less on a dry weight basis. High quality tishmeal contains 60-72% crude protein 
by weight, provides a balanced quantity of all essential amino acids, phospholipids and 
polyunsaturated t~ltty acids for optimum growth and reproduction of animal and fish, in 
addition of its high digestibility and palatability (Miles & Chapman 2006). Feeds and 
feeding operations are crucial elements in sustainable and profitable aquaculture 
industry, because feeds account between 30 and 70'% of total operation expenses 1n 
intensive aquaculture system and the fish meal is the most expensive ingredient of feeds 
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(Goddard, 1996). Globally, limited supplies of fish meal and continued demand of this 
product due to its expanded use in the aquaculture industry plus its utilization in other 
animal feeds has led to an increase in its price and availability for fish production. 
Indeed, total fish meal production worldwide for 2007 reached 2.7 million tonnes and 
60% of this was directed towards the aquaculture sector. The cost of fish meal increased 
from US$ 500 I tonne in 2000 to US$ 1200 I tonne in 2008 (FAO, 2008). Today, the 
most acute problem facing the aquaculture industry is the high cost of feed, and there is 
a huge pressure on aquafeed manufactures to search for cheaper diet fomllllations that 
maintain optimum growth at less cost of the final product. lt is believed that this target 
can only be achieved by decreasing fish meal levels in feeds by substitution with other 
cheaper protein sources (Hardy, 2008). 
1.2.1 Alternative protein sources to fish meal in marine fish diets 
According to the constraints en-countered by the aquafeed industry mentioned 
previously, the fish nutritionist and aqua-feed manufacturers have focused on the 
feasibility of using other protein sources as alternative ingredients to !ish meal in 
complete diets for tish and they have conducted numerous studies l(x the evaluation 
these commodities as either totally or partial substitution of !ish meal. Generally, !ish 
meal altemative proteins are categorised as follows: plnnt protein, animal protein ti·om 
rendering or slaughter and novel proteins like, single cell protein, or scnt(JOd processing 
waste products (Hnrdy, 2006). 
1.2.1. I Plant proteins 
There arc a wide range of plant by-products and materials derived from legumes, pulses 
and grains. These include: soybean, corn gluten, rapeseed, suntlower, cottonseed, pea 
seed, lupin and hazelnut meals which have been used as alternative protein sources to 
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fish meal (Robaina et al., 1995; Robaina et al., 1997; Gouveia & Davies, 1998; Kaushik 
et al., 2004; Tibaldi et al., 2006; Bonaldo et al., 2008; Emre et al., 2008). However, 
proteins in cereal grains and other plant concentrates are often deficient in the essential 
amino acids lysine and methionine, therefore, it is important to supplement feeds with 
synthetic crystalline fonllS of lysine and methionine in balanced diets (Miles & 
Chapman 2006). Plant meals also contain antinutritional factors including protease 
inhibitors and complex carbohydrates (polysaccharides) which may reduce the growth 
rate and nutrient utilization in fish. These factors make substitution at higher levels 
difficult in practice. However the influence of protease inhibitors could be minimized 
by mechanical and thermal processing, resulting in significant improvement in protein 
and energy digestibility from plant proteins (Hernandez-lnfante et al., 1998). By far, 
soybean meal is the major alternative protein source due to its lower price and it has 
consistently high protein content (48% crude protein) plus a good balance of essential 
amino acids. It can be substituted up to a level of 300 g kg· 1 diet without any deleterious 
effects on feed intake, growth and protein utilization of sea bass and sea bream 
juveniles. However no adverse changes in gut histology in sea bass have been reported, 
whereas some changes in distal intestine was observed in sea bream (Bonaldo et al., 
2008). Kaushik et al. (2004) succeeded in substituting high levels of plant protein 
ingredients with no detrimental effect on growth or nitrogen utilization in European sea 
bass. It was found that in methionine supplemented diets, fish meal can be substituted 
by up to 25% of solvent-extracted snyhcan meal, 50'% enzyme-treated soybean meal or 
60'Yo soy composed or 30'% or solvcnt-cxtracted soyhean meal and 30% or enzyme-
treated soybean meal without depressive eiTeets Oil lish growth. However inclusion or 
50'Y., or mechanical oil extraction soybean meal resulted in signi lieantly lower growth 
rate and feed utilization (Tibaldi et al .. 2006 ). 
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Corn gluten meal (60% crude protein) is also an important alternate protein source used 
in aquafeeds, it is highly digestible to fish but corn protein is deficient in lysine, making 
it necessary to either supplement feeds containing high amounts of corn gluten meal 
with artificial lysine, mixed corn gluten meal with soy or wheat protein concentrates to 
prepare a mixture with an amino acid protile meeting the requirements of tish (Hardy, 
2008). Robaina el al. ( 1997) recommended that maximum level of tish meal 
substitution by com gluten meal in gilthead seabream feeds can be obtained as 30% of 
total protein ( 15% of total dry matter of the diet). Soy protein concentrate (75% crude 
protein) and wheat protein concentrate (75-80% crude protein) are the most promising 
alternative protein sources. Soy protein concentrate has an advantage over soybean meal 
since it contains very little anti-nutritional factors and can substitute for up to 75% of 
tish meal in salmonid diets (Hardy, 2008). 
Rapeseed/canola protein concentrates have been evaluated as fish meal substitutes with 
relatively good results in a number of 1ish species such as seabass, seabream, rainbow 
trout and tilapia (Davies et al., 1990; Gomes et al., 1993; Teskercdzic et al., 1995; 
Kaushik et al., 2004; Sitjit-Bobadilla cl al., 2005). Lupin is considered to he a good 
potential legume, clue to its high protein (30-50%) eontent and relatively lower price. 
Lupin seed meal protein could be an imp011ant alternative to 1ish meal in juvenile 
gilthcad seabream diets when used up to 20% (Robaina cl al., 1995). 
Inclusion of pea seed meal in practical diets t()r European seabass was demonstrated by 
Gouvcia and Davics ( 1998) who t(1und that up to 40% of pea seed meal was feasible, 
allowing for a 12% substitution in tish meal content and a 25% reduction or 
earhohydrate without any detrimental effect in growth rate and feed utilization. 
Hazelnut meal obtained atier oil extraction is rich in protein (40'X,), it is available at a 
low price compared with tish meal in Turkey which is considered as the top hazelnut 
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producer worldwide (Em re et al., 2008). So far, its nutritional value has been 
demonstrated in teiTesllial animal, poultry and fish. Emre et al. (2008) has investigated 
the feasibility of its use as a fish meal substitute in European sea bass diets and found 
that partial substitution up to 30% with hazelnut meal has no significant effects on 
growth perfonnance and body composition. 
1.2.1.2 Animal proteins 
Rendered animal protein ingredients, such as meat and bone meal (83-89% crude 
protein), poultry by-product meal (87-91 %), blood meal (82-99%) and feather meal (81-
87%) have been widely employed in aqua feeds for decades, because of being a cheaper 
protein source compared to fish meal, fairly palatable and generally hee of anti-
nutritional factors. However these products have I imited use in aqua feeds as alternatives 
to fish meal due to lower protein digestabilitics and high ash contents. Poultry, meat and 
bone meals have considerable variations in quality among suppliers. The amino acid 
profiles of blood and feather meals otien do not meet the essential amino acid 
requirements of fish (Bureau et al., 1999; Hardy, 2006). Also, their use in Europe is 
now very limited due to consumer acceptance problem following the Bovine 
Spongifl.m11 Encephalopathy (BSE) crisis of the 199CJ"s. 
Many studies have been conducted on these ingredients tor nutritional evaluation and 
optimum use levels in aquafeeds for di ffercnt fish and shrimp species. Bureau et al. 
(2000) found that inclusion of up to 15°/., I"cathcr meal (providing about 20'% of total 
digestible protein) and up to 24% meat and bone meals (providing about 25'% of total 
digestible protein) in rainbow trout diet was feasible without allccting growth rate, feed 
efficiency and nitrogen or energy retention of the !ish. However. small a significant 
reduction in feed efficiency was recorded in the meat and bone meals treatment 
compared to the control diet. A result of another study has indicated that poultry by-
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product meal could be satisfactorally used to 20% in practical mirror carp diets as a 
protein source without affecting the growth of the fish (Emre et al., 2003). It was found 
that 20% of total protein could be substituted by meat and bone meal in gilthead 
seabream feeds ( 15% of total dry matter of the diet) (Robaina et al., 1997). 
1.2.1.3 Novel proteins 
Novel protein sources include non-conventional feedstuffs of tood industrial wastes 
(seafood processing waste products, underutilized fish), single cell protein (micro algae, 
bacteria and yeast), brewers yeast, sea weeds, marine invertebrates (polychcatc wom1), 
silkwonn pupae and fish silage. Few studies have been conducted for the feasibility of 
proper replacement of these commodities to fish meal in practical fish diets (Hardy, 
2006). 
The incorporation of 15%-30% of yeast single cell protein in salmonids diets resulted in 
25-50% replacement of tish meal without any adverse effects in growth rate and good 
feed efficiency was rcpot1cd by Tacon and Jackson ( 1985). Oliva-Tclcs and Goncalvcs 
(200 I) showed that 50°/., of tish meal could be ctTectivcly replaced by brewers yeast in 
diets for European scabass juveniles without adverse effects in fish performance. 
Recently, even seawceds have been given more attention as a novel Iced ingredient for 
use in aquafceds. It was demonstrated that scawccds can be incOtvorated within 
European seabass juvenile diets at levels of 5-10% without impairing growth rate and 
feed utilization of fish (Valcnte et al., 2006). 
Little scientific literature exists on the utilization of invertebrate meal in aquafceds. 
despite their good characteristics in tenns of protein quality. Silkworm pupae meal has 
also been evaluated nutritionally <ts a tish meal replacement in lish diets and it was 
observed that a I 00'% replacement of tish meal by silkworm pupae meal in catlish diets 
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had no adverse effects on fish perfom1ance (Habib et al., 1994). The inclusion of 
silkworm pupae meal up to 30% in carp fish diets has no obvious growth reduction 
effects (Habib et al., 1994; Nandeesha et al., 2000; Rangacharyulu et al., 2003). Ng et 
al. (200 I) stated that similar growth rate and feed utilization efficiency was possible 
comparing a fish meal based diet with a 40% meal wonn replacement ( Tenebrio 
molitor) diet feel to catfish. 
Marine polychaetc worms such as Nereis vires and Arenicola 111arina are a valuable 
natural feed for marine fish species and their value as a component of maturation feeds 
for shrimp has been recognized for many years. In the UK, CEF AS (Centre for 
Environment, Fisheries and Aquaculture Science) have been successfully feeding 
polychaete maturation feed to their Dover sole broodstock for more than twelve years. 
In Southern Europe, fish fanns have been employing polychaete worm in sole 
hatcheries and found the product effective and reliable in practice. Marine polychaete 
worm have protein levels amounting to 55% of dry weight with high levels of 
digestible protein and they contain also high amounts of all the essential 
polyunsaturated fatty acids imponant to marine fish health and production. All the 
informations about the polychaete worms which mentioned prcvisouly were obtained 
fi·om Scabait (2009) company wcbsite. 
Another major marine protein source could be extracted from tishcrics by-catch. Over-
cakh and seafood-processing wastes are very underutilized and this material may be 
considered as potential extra resources f(Jr commercial applications. FAO (2008) 
estimated that more than 20 million tonnes of material is available globally (equivalent 
to 23'Yo of marine landings). Much of this by-catch is discarded annually. Fish-
processing waste is also a plentiful resource f(x application, accounting 64% by weight 
of thc lish used in the manufacture of tilleted and canned products (Nair & Gopakumar, 
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1982). The utilization of fishery discard and processing waste has great potential use in 
aquafeeds to reduce the fish meal burden. Goddard et al. (2008) found that fisheries by-
catch and processing waste meals are suitable protein ingredients for juvenile tilapia 
practical diets under laboratory conditions. It is necessary to evaluate their application 
in diets for many more species. 
1.3 FISH SILAGE AND NUTRITIVE VALUE FOR AQUACUL TURE 
Fish silage is detined as "a liquid product made from whole fish or parts of fish that are 
liquefied by the action of enzymes in the fish in the presence of an added acid. The 
enzymes degrade tish proteins into smaller soluble units, the acid helps to speed up their 
activity while preventing bacterial spoilage" (Nicholosn, 1976). 
Silage production dates from the 1920"s when A.l.Yi1ianan initiated the use of sulphuric 
acid/hydrochloric acid to preserve green fodder. This method was adopted by Edin in 
the 1930's to preserve tish waste for animal feed (Raa & Gildberg, 1982). Acid fish 
silage was produced commercially for 30 years in Denmark, where the annual 
production over the last years has been about 60,000 tonnes. In Norway, fish silage is 
produced commercially from tish viscera and other waste products ti·om the fishing 
industry, and produces about 140,000 tonnes a year, mainly fi·om aquaculture by 
products (salmon) (Raa & Gildberg, 1982; Rustad, 2003). 
1.3.1 Fish Silage vs Fish Meal 
According to the previous section, it seems that tish ensiling process requires less 
advanced technology compared to tish meal production, and this is a more convenient 
method in areas where fish or tish waste arc not available in the quantities nor on a 
regular basis as required for profitable fishmeal production (Raa & Gildberg, 1982). 
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1.3.2 Preparation of fish silage 
Fish silage can be prepared either by direct acidification with organic and/ or inorganic 
acids (chemical silage) or by biological fennentation using lactic acid bacteria as 
inoculum and sugars as a carbohydrate source (biological silage) 
1.3.2.1 Acid fish silage 
Both inorganic and organic acids can be used for making acid fish silage. However the 
latter technique is more often used as smaller quantities are required, in spite of their 
higher costs (Raa & Gilclberg, 1982). About 2.8-6.3% (w/w) of concentrated sulphuric 
acid required for oily or bony fish in comparison to 2.2-3% (w/w) of organic acids 
(formic and propoinc acids). Although sulphuric acid is cheaper in comparison to 
organic acids, the greater quantities required and the problem of neutralizing the silage 
before use as feed discourages its use. It is recommended for practical conditions to use 
a mixture of inorganic and organic acids clue to the high costs of organic acids. Cheap 
inorganic ncids nre recommended to lower the pH below 3.75 in the case of tannic ncicl 
in order to hnve more than 50% of the fom1ic acid molecules (pK., 3. 75) in the 
antimicrobial tonn (Raa & Gildberg, 1982). lt was reported that J'Yo of a 3+ I (v+v) 
mixture of sulfuric and tom1ic acid can be utilized and resulted in a good preservation 
action (Raghunath & Gopakumar, 2002). Discard fish have been typically preserved 
with 2.2% (w/w) of fonnic or propionic ncicls or 1.1% (w/w) each, mixture of both but 
more commonly concentrntion of 2.5 to 3°!., is used tor safety (Raa & Gildberg, 1982). 
1.3.2.2 Fcrmentativc t1sh silage 
Due to hazardous risks associated with handling and storage of concentrated inorganic 
and organic acids for fish silage preparation. especially in developing countries, 
researchers have evaluated different biological methods fi..Jr producing fish silage by 
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fennentation processes. In this technique the lower acid produced conditions 
spontaneously by the addition of a suitable carbohydrate source such as molasses, malt 
meal, com flour and tapioca flour and a strain of bacte1ia like Lactobacillus plantarum 
(Hassan & Heath, 1986; Fagbenro & Jauncey, 1994; Zahar et al., 2002a) 
1.3.3 Optimum conditions necessary for the fermentation of fish for silage 
production 
Fish or its waste contains only small amounts of free sugar (glycogen). The 
fennentation process requires optimum quantities of fennentable sugar as the primary 
energy source for growth of lactic acid bacteria. Therefore, many studies have been 
conducted for cletennining the optimum level of carbohydrate necessary to ferment fish 
successfully. Early, Stanton and Yeoh (1977) successfully produced fish silage by lactic 
acid tem1entation under South-East Asian conditions using a I: I tish I starch ratio. 
Hassan and Heath ( 1986) found that a minimum of 5% lactose was needed to obtain a 
successful fem1entation to pH 4.5 after 2 clays of fennentation. The results of another 
study indicated that 5% whey powder and 5% rctinecl sugar combination gave a 
successful tennentation and stable tish silage product tor storage (Van Wyk & 
Heydenrych, 1985). The other imp011ant factor which has a great intluence on the 
fennentation process is the inoculum size of lactic acid bacteria nccclccl for ensilage 
process which has a potionial effect on lactic acid production and the time required tor a 
successful fermentation outcome. Few studies have been conducted in this subject and 
their results revealed that inoculum size or I 03 -I oX cfu g- 1 or fish or Lactubacillus 
plantan11n is sufticient for achieve a successful fermentation within 24-48 h (1-Iassan & 
Heath, 1986; Lassen, 1995). 
Fermentation temperature also is one of the imp011ant l~1ctors that can make a major 
intluencc on the success of the fermentation process and the stability of the tinal 
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product. It was contirmed that fennentation proceeds satisfactory between 20-30 "C, 
however the efficiency is slowed down at lower temperatures (Fagbenro & Jauncey, 
1993a). 
Monitoring the microbial characteristics of fish silage is an important procedure for 
investigation of any microbial contamination that can occur during fermentation or 
storage of tish silage. It also provides information about the relationships between lactic 
acid bacterial growth, spoi I age microorganisms and the pH characteristics of fish silage. 
It should be noted that mould and yeast can grow on fennented fish silage, and in this 
case it may be necessary to add an antimycotic agent to achieve and maintain 
sufficiently low pH values for successful fermentation and storage without 
contamination (Hassan & Heath, 1986). 
1.3.4 Effect of autolysis and storage on chemical composition of whole fish and fish 
silage 
lt is important to know the chemical composition and changes of fresh and stored tish 
silage if it is to be used in animal and fish nutrition (1-fassan & Heath, 1986). The 
proximate composition of tish silage is similar to the raw materials used apart from the 
I ittle dilution impact of the acid or the carbohydrate added to the raw materials 
(Tatterson, 1982; Ahmcd & Mahendrakar, 1996). 1-fassan Heath ( 1986); Fagbenro and 
Jauncey ( 1995a) and Vidotti et al. (2003) observed that the protein content of 
fennentative tish silage was less than the protein content of the raw tish and they 
attributed this to the dilution effect of the sugar and lactic acid bacteria culture added to 
the raw materials. The effect of storage temperature and storage time on the chemical 
composition of acid and feimcnted fish silage have been studied previously by Espc and 
Lied ( 1999) who found that storage temperature ( 4"C 20"C and 50"C) and length of 
storage period (0, 2, 4, 8, 16, 32 and 48 days) have no effect on the dry matter, protein 
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and fat content of acid fish silage. On the contrary, Hassan and Heath ( 1986) 
demonstrated differences in the proximate composition when comparing fresh and 
fennented fish silage stored after 35 clays at ambient temperature and at 37"C. Also 
Dapkevicius et al. ( 1998) obtained increases in protein and fat content in fennented fish 
silage during storage for 15 days at ambient temperature. 
Tracking amino acids stability in fresh and stored fish silage is very important because 
the instability of protein could affect its nutritional value when feeding to fish. The 
stability of amino acids in acid fish silage is very high and only 8% of the amino acid 
derived nitrogen was libratecl as ammonia in cod viscera acid silage stored at 27"C for 
220 days (Gilclberg & Raa, 1977) and 1.3% in by-catch fish stored for 21 clays at 30"C 
(Kompiang et al., 1980). However, considerably higher ammonia was released in 
fermented tish silage than in acid fish silage, as 12% of ammonia libratecl in fermented 
silage of Baltic herring stored for 28 days at 28"C (Raa & Gildberg, 1982). The 
nutritional value of tish silage can be seriously affected if the ammonia arises ti·om the 
essential amino acid component such as tryptophan which is unstable and actively 
degrades in acid fish silage. However, this particular amino acid is a stable at low pH 
when protein bound but readily decomposes when it is in the free form and this is the 
case in fish silage. In addition, the rate of degradation is affected by temperature and the 
length of storage (Backhoft~ 1976; Kompiang et al., 1980). Apart from knowing the 
chemical composition of fish silage, it is bcnelicial to have a knowledge of the various 
chemical changes that occur during storage. This is used as a fish silage quality criterion 
in many studies. such as. TVB-N (Total Volatile Basis), TBARS (Thiobarbituric Acid 
Reactive Substances), NPN (Non-Protein-Nitrogen) and FFA (Free Fatty Acid). 
(Hassan & Heath, 1987; Haaland & Njaa, 1989: Dong et al., 1993: Ahmed & 
Mahendrakar, 1996; Faid er al .. 1997; '{oon er al., 1997b: Dapkevicius er al., 1998: 
Fagbcnro & Jauncey, 1998: Gelman er al .. 2001; Dapkevicius er al., 2007; Ndaw er al., 
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2008) TVB-N consists the measurement of trimethyl amme, dimethyl amme and 
ammonia which is the direct result of the autolysis or bacterial spoilage of stored fish 
and thus TVB-N is widely used as a fish quality index (Haaland & Njaa, 1989). TVB-N 
has been evaluated in stored acid and fennented fish silages and found that its 
concentration increases as storage time increased (Ahmed & Mahendrakar, 1996; Faid 
et al., 1997; Dapkevicius et al., 1998; Ndaw et al., 2008). Also Hassan & Heath (1987) 
stated that TVB-N in fem1ented fish silage increased as storage time and temperature 
increased over a defined period. 
Oxidation of lipid is also a crucial factor that decreases the quality of tish products 
especially during long tenn storage. There are several assays which can be used for lipid 
oxidation measurements such as, peroxide value which measures the initial products 
(hydroperoxides) of the first stage of oxidation and TBARS which quantities the 
secondary products (malondialdehydes) of the secondary stages of oxidation which 
largely consists of the decomposition of hydroperoxides and consequently TBARS is 
used as a fish quality criterion (Connell, 1975). It has also been observed that TBAR 
values in tish silage increased as storage time increased (Ahmed & Mahendrakar, 1996; 
Fagbenro & Jauncey, 1998; Ndaw et al., 2008). 
Around 80% of the protein in the hydrolysis process of fish silage becomes solubilized 
and the degree of hydrolysis can be detected by measuring the protein solubilisation 
value, as expressed by the non-protein nitrogen (NPN) content. The NPN would 
indicate the degree of protein degradation leading to the release of free amino acids and 
also short chained peptides (Raa & Gilclberg, 1982; Faid et al., 1997). The degree of 
hydrolysis is dependent on the temperature and time of storage and also on the nature of 
the raw materials used in tish silage production. It was found that NPN value of tish 
silage was increased as the storage time and temperature increased (Tatterson & 
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Windsor, 1974; Hassan & Heath, 1987; Alwan et al., 1993; Faid et al., 1997; Espe & 
Lied, 1999). The highest degree of hydrolysis was found in the raw materials riches in 
gut enzymes which can be spread throughout the mass (Tatterson & Windsor, 1974; 
Backhoff, 1976). Thus, the amount of hydrolysed protein is predicated upon the raw 
material employed. The degree of hydrolysis is stated to have influences upon the 
utilization of fish silage protein by salmonid fish (Jackson et al., 1984; Espe et al., 
1992). Therefore, the analysing of protein hydrolysis is important when fish silage 
incorporated in fish diets. 
Major chemical changes also exist in the oil during storage of fish silage as a result of 
lipolysis in which triglycerides degrade to free fatty acids (Tattcrson, 1982; Jackson et 
al., 1984). Fish silage lipid hydrolysis has been investigated in many studies and the 
results clearly showed that free fatty acids content increased as storage time and 
temperature increased (Tatterson & Windsor, 1974; Jackson et al., 1984; Hassan & 
Heath, 1987; Ahmed & Mahendrakar, 1996; Fagbenro & Jauncey, 1998). The free fatty 
acids (FFA) content is used as a quality index for evaluating the condition and edibility 
of oil tor commercial uses and 3% or less FFA is desirable in good quality oil 
(Tatterson & Windsor, 1974). 
1.3.5 Nutritive value of lish silage 
Fish silage has been used as a feed supplement for vanous livestock and poultry 
animals and results have generally shown that it has good nutritional quality (Kjos et 
al., 2001). However, only recently has its potential in aquaculturc diets been truly 
recognized, hence few studies have assessed their suitability lix different fish species 
cultured. Generally. lish silage has been compared f~1vourably with fish meal and its 
suitability assessed by fish growth responses, protein utilization and digestibility fill· 
both fresh water and marine fish species. Previously Balogun et al. ( 1997) found that 
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African catfish (Ciarias gariepinus) fed with an ensiled product consisting up to 60% 
minced fish and 40% soybean meal with an acid combination gave good growth 
perfonnance compared to a fish meal based diet. These workers also found that a 20% 
raw soybean meal/fish silage blend gave better value in respect of cost per kg weight 
gain of tish comparing to a tish meal based diet. It was also found in another study that 
catfish ( Cluysichthys nigrodigitatus) fed a diet containing acid cooked tuna silage 
yielded better daily weight gain, feed conversion ratio and protein efficiency ratio 
compared to a fish meal based reference diet (Cisse et al., 1995). Co-dried sulphuric I 
propionic fish silage has been used successfully as a replacement for fish meal in 
rainbow trout diets (Hardy et al., 1984). More recently Goddard et al. (200 I) showed 
that eo-dried acid sardine silage could be included in dry diets for juvenile tilapia up to 
an inclusion level of 300g per kg without effecting growth, feed efticiency or proximate 
content compared to a fish meal based diet . Again, it was observed that weight gain and 
feed utilization were superior in Atlantic salmon (Salmo salar) fed acid tish silage as a 
prettily altemate to raw minced saithe (Espe et al., 1992). El- Hili ( 1989) has shown that 
silage prepared with a mixture of 3% formic acid and sulphuric acid ( 1.5%, 1.5%) 
demonstrated a better growth performance of sea bream (Spams aumlas) compared to 
silage produced with 3'% fonnic acid. lt has been indicated that using of fi·eeze dried 
acid silage (4% formic acid) as a weaning diet tor hybrid striped bass achieved a 
significant improvement in larval growth (Morone sa.rarilis), contim1ing that tish silage 
may be useful in weaning shitiing lish to artificial feed (Gallagher, 1993). Earlier, 
Fagbenro & Jauncey ( 1994) and Fagbcnro & Jaunccy ( 1998) showed that tilapia 
(Orcchromis niluricus) and Ati·ican catlish (Ciarias gm·icpinus) fed with moist diets 
comprising fennented tilapia silage produced a good growth performance and protein 
utilization. In another study, Fagbenro cl al. ( 1994) also li.1und that eo-dried fermented 
tilapia silage can be substituted up to 75'Yr, of fish meal in dry diets fi.1r 0. niloricus and 
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C. gaviepinus while total substitution causes inferior growth perfonnance, feed 
conversion and protein utilization. Similarly Kim e/ al. ( 1999) found that Korean 
rock fish (Sebasles schlegeli) fed for 8 weeks diets containing 20% skipjack tuna viscera 
fermented silage displayed a higher weight gain, feed efficiency and survival rate 
compared to a fish meal based reference diet. Liang e/ al., (2006) observed that 
incorporation of 15% tish protein hydrolysate in Japanese sea bass ( Laleolabrax 
japonicus) diet gave higher growth rate than 5%, 25% inclusion rate and control diet. 




There are a wide range of by-products and residues from food processing that could 
potentially become valuable feed supplements in aquaculturc diets. For example the 
sugar industry by-products (i.e., molasses), il·uit wastes such as bananas, papayas, 
pineapple, citrus, apple pomace, kiwi li·uit, and grape waste. These materials contain 
high concentrations of soluble carbohydrates that can be fem1ented to produce natural 
organic acids such as lactic acid to preserve perishable materials like tishery wastes that 
are otherwise unused or discarded. 
The by-product resulting from press1ng apples for juice, known as apple pomace, 
represents about 20- 35% of original ti·uits contains about 59.0% soluble carbohydrates 
and 36.8% of dietary lib re (Hang, 1988: Carsnn. K.J. cl al., 1994 ). Around 350 different 
types of apple and more than 100,000 tonnes or 1.5 billion bittersweet apples arc used to 
manufacture cider every year in UK. This represents about 45% of all apples grown in 
the UK (personal communication). About 30,000 tonnes of apple pomace is produced 
by eider manufacturers in the Somerset and Heretordshire regions of the UK per year 
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(Anonymous, 2009). Yeast ensiled apple pomace has long been recognized as a possible 
ingredient in ruminant and broiler diets (Gasa et al., 1992; Joshi et al., 2000). To the 
author's knowledge apple pomace has not yet been used as a carbohydrate source in the 
fennentation process for fish silage production. 
1.5 FISH MODEL (EUROPEAN SEABASS) 
1.5.1 Biological and ecological features 
The European seabass, Dicentrarchus labrax Linnaeus 1758 also known as Morone 
labrax (Moronidae, Percifom1es) is often commercially traded in Europe as the 
mediteiTanean seabass. It has silver distinctive sides and a white belly juvenile fish have 
black spots on the back and sides with se1nted and spined operculum with an elongated 
appearance. It can grow to a total length of more than I m, 15 kg of weight and aged up 
to 15 years (FishBase, 2006). The European sea bass are eurythennic (5-28°C) and 
euryhaline (3%o to full strength sea water); thus its habitats indude estuaries, lagoons, 
coastal waters and rivers. It is widely distributed in the waters in and around Europe, 
including the eastern Atlantic Ocean (ti"om Norway to Senegal), the Mediten·anean Sea 
and as far as the Black Sea (FishBase, 2006; FAO, 2009a). European sea bass are 
predators feeding on small pelagic tish, polychaetes, cephalopods and crustaceans. It is 
a gonochoristic species, females spawn in winter in the Meditemlllcan Sea (December 
to March) and up to June in the Atlantic Ocean (Charles, 2004: FishBase, 2006). 
1.5.2 Culture of European seabass 
The European sea bass (Dicentrarchus labrax) was the tirst manne non-salmonid 
species to be commercially cultured in Europe and at present is the most important 
commercial !ish in a wide range throughout Mediterranean Sea coasts. Greece, Turkey, 
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Italy, Spain, Croatia and Egypt are the top producers (FAO, 2009a). European 
aquaculture production of sea bass in 2005 was estimated to be around 80000 tonnes, 
with Greece producing 35 000 tonnes, followed by Turkey (21 000 tonnes), Italy (I 0000 
tonnes), Spain (6000 tonnes), and France ( 4000 tonnes). Sea bass are cultured in 
seawater ponds and lagoons (in extensive pond systems in Portugal, Greece and Egypt, 
< 2 Kg m·\ limited application in lagoons systems arc achieved in Greece and Italy, 
but most of the sea bass arc reared in sea cages at I 0 to 20 Kg m·3 , also concrete 
raceways systems arc used in France , Italy and Spain (30 to 80 kg m·3) and in addition 
sea bass arc reared in closed rccirculation systems in several locations in Europe under 
intensive conditions (Haffray et al., 2009). 
1.5.3 Nutritional requirements of European seahass 
1.5.3.1 Dietary proteins and amino acids 
Meeting the protein requirements arc important for the proper growth, development and 
health of tlsh (Wcbstcr & Lim, 2002). Information on protein and amino acid 
requirements nnd utilization in European scabass is still quite limited compared to other 
established cultured species. It is revealed that European sea bass juveniles require a 
high protein level in their diet, ranging ti·om 45 to 50"1<, (Dias et al., 1998; Pcrcs et al .. 
1999a). It is known that fish utilize protein preferentially to lipid or carbohydrate as an 
energy source, especially tor carnivorous fish and sea bass have a limited ability, 
therefore to utilize carbohydrates as a primary or secondary dietary energy source 
(Oliva-Tclcs, 2000; Sargent e1 al., 200:2). The enhancement of the digestible energy 
content of tish diets to adequate level, by lipid supplementation, has been shown to have 
a protein sparing cffccL consequently, reducing nitrogen losses to the environment and 
thus minimizing the use of more high-priced protein tor catabolic purposes (Peres e1 al., 
1999a; Cho & Bureau, 2001; Percs & Oliva-Telcs, 2001; Ai e1 al., 2004). Thus, 
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optimizing the lipid levels in the diet is an impm1ant objective for growth perfom1ance 
and final product quality of the fish. Lopez et al. (2006) found that white bass 
(Atractoscion nobilis) fingerlings grew better with diets containing 15.5% and 18% 
lipid when the protein level was 61.45%, while reduced growth rate and elevated body 
fat were observed when dietary energy increased from 24.2 to 24.9 kj g- 1. It was 
observed that an increase of dietary lipid level beyond 12% had no beneficial effects in 
European sea bass juveniles feel isonitrogenous diets (48% crude protein) with 
increasing dietary lipid levels (Peres & Oliva-Teles, 1999b). 
European sea bass requ1re the same ten essential ammo acid (EAA) as salmonicls 
(Tibaldi & Kaushik, 2005). The requirement for all EAA has only been demonstrated 
for a few fish species; therefore, unavailability of such information for a certain species 
is common. Different EAA profiles have been used as indicative of dietary EAA profile, 
such as whole fish egg, whole fish larvae, fish muscle or whole fish carcass protein in 
experimental studies. Although not precise, the EAA pattern of whole fish carcass 
protein has been confirmed as the one that better suites the requirements for seabass 
(Mambrini & Kaushik, 1995). Contradictory results have indicted that juvenile sea bass 
had the best growth and feed utilization with a dietary AA (Amino acids) pattern that 
resembled the overall AA pattern of fish meal. whilst fish feel a diet with an AA profile 
adjusted to meet the ideal protein AA pattern estimated for sea bass registered poor 
growth (Pcres & Oliva-Teles, 2007). Adequate dietary essential amino acid (EAA) to 
non-essential amino acid (NEAA) lor maximum growth and protein utilization of fish 
has been repm1ed recently. Pe1-cs and Oliva-Teles (2006) indicated that a dietary 
EAA/NEAA ratio of 50/50 is necessary for maximum growth achievement ofjuvenile 
Europeiln sea bass but to maximize feed, protein and energy utilization this ratio should 
be rilised to 60/40. 
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1.5.3.2 Lipids and fatty acids 
Lipids provide the fish with the required energy and essential fatty acids to meet their 
metabolic demands. An increase in dietary lipid in seabass diets up to 18-19% improves 
protein utilization; however very high levels (30'%) may lower the growth rate (Dias et 
al., 1998; Lanari et al., 1999; Peres & Oliva-Tcles, 1999b). M mine tish such as 
European sea bass require n-3 (n-3 PUFA}, specifically cicosapcntaenoic acid (20:5n-3; 
EPA) and docosahcxacnoic acid (22:6n-3;DHA) long-chain polyunsaturated fatty acids 
for nom1al growth (Sargcnt et al., 1995). Skalli & Robin (2004), found that juvenile 
sea bass of 14 g weight required at least 0. 7%, of n-3 PUFA of the dry diet for nom1al 
growth. 
1.5.3.3 Carbohydrate 
Carbohydrates are used m fish diet formulation primarily as an energy source or as 
filling materials with binding characteristics. Digestion of carbohydrate vary 
considerably between fish species, carnivorous fish such as, seabass have only limited 
efficiency capacity to digest carbohydrates. They tend to be more efficient in 
metabolising protein and lipid as a prefeJTcd source of energy (Spannhof & Plantikow, 
1983: Krogdahl et al., 2005). Carbohydrate digestion in sea bass is affected hy the 
nature and complexity of the carbohydrate provided. Extruded starch, maltose or 
glucose is better digested than crude starch (Peres et al., 1999a). However contradictory 
results rcp011ed on the possibility of protein-sparing potential of glucose in European 
sea bass (Dias et al .. 1998: Percs & Oliva-Tclcs. 2002: Encs et al., 2006; Moreira et al., 
2008). Incorporation of digestible carbohydrates in diets for marine or coldwatcr tish 
species should not exceed 20% (Hcmre et al., 1995). 
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1 .5.3.4 Vitamins and minerals 
Vitamins are organic nutrients that are essential for growth, health, reproduction and 
maintenance, needed in trace quantities (Webster & Lim, 2002). Quantitative data on 
vitamins and minerals requirements of European sea bass are quite scarce (Kaushik, 
2002). Kaushik et al. ( 1998) con finned early that NRC ( 1993) recommendations for 
water-soluble vitamins requirements for salmonids can be applied to European sea bass 
fed practical diets to some degree. 
For instance the dietary vitamin C requirement of juvenile European sea bass below 50 
mg Kg- 1 diet, but much lower requirement for growth (5 mg Kg- 1 diet) and higher needs 
for maximizing hepatic storage ( 121 mg Kg- 1) (Foumier et al., 2000). In spite of no 
quantitative requirement data on fat- soluble vitamins, a supplement of 500 mg kg- 1 diet 
of vitamin E has been recommended as a defence against peroxidative damage 
(Mcssagcr et al., 1992). 
Phosphorus and nitrogen are the two main nutrients responsible for water pollution, so it 
is important to reduce discharges of these nutrients into the environment. Due to the low 
concentration of P in sea water, the diet is considered to be the main source of P in 
intensive aquaculturc systems, thus, it is important to optimize dietary P utilization by 
fish in order to decrease P losses into the environment (Bureau & Cho, 1999). P 
requirement of sea bass juveniles can be satisfied with a dietary inclusion level of only 
0.44% available P (Pimentel-Rodrigues & Oliva-Tclcs, 2007), hut care should be taken 
due to the uncertainty or the macro-elemental requirements or tish under intensive 
conditions and their physiological status under stress. 
The aquaculture industry in many developing countries is presently raced with sc<Jrce 
protein sources fi·om conventional sources such as tish meal. Hence, the viable 
alternative would be the production of acid or fermented tish silage. The latter is 
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particularly preferred in developing countires because it is relatively cheaper to produce 
and it involves simple, artisanal technology which adaptable at village level (Fagbenro 
& Jauncey, 1993a). Fermented fish silage is prepared from various cheap sources such 
as by-catch, over-catch and processing waste fish with combinations of carbohydrates 
which can be agricultural by-products and starter culture of lactic acid bacteria tor the 
fennentation process. The fennented product has been included as a dietary-protein 
in~:,>Teclient for fresh water fish diets such as tilapia (Oreochromis niloticus) and catfish 
(Cl arias gariepinus) (Fagbenro, 1994; Fagbenro & Jauneey, 1995b ). However, the 
evaluation of its suitability in carnivorous fish diets such as sea bass has not been 
undertaken to elate. Thereto re, the main goal of this study was to develop the production 
of a fennentecl tish silage product made from sardine frozen and evaluate its efficacy as 
a suitable ingredient tor applications in marine fish diets. 
1.6 AIMS AND OBJECTIVES OF THE PRESENT STUDY 
According to the scienti tic literature, there were three main important points requiring 
attention: 
1- Most of ensilecl fish and fishery waste by-products were utilized the traditional acid 
ensilage process based on either inorganic or organic acids. 
2- Silage derived ti·om the alternate process of fermentation was usually based on 
molasses as the principal sugar (carbohydrate) source. 
3- Applications were usually concerned ti·eshwater fish but seldom a high value 
temperate marine carnivorous such as seabass. 
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Therefore, in this context, the aims of this research programme were as follows: 
1- The feasibility of using apple pomace as a carbohydrate source and L. plantarum as 
an inoculum for producing fennented fish silage, using molasses as a control was 
Investigated . 
2- The nutritive value of the fennented and acid fish silage was investigated: 
A- Chemically, by assessed the chemical composition and chemical changes during the 
progression of the ensiling process and storage conditions. 
8- Biologically, by fed European seabass, Dicentrarclws labrax with fish silage as an 
alternative ingredient to fish meal by investigated the growth perfonnance, feed 
utilization, digestibility and palatability of these materials. Additionally, the 
mmvhological and pathological effects of experimental diets containing silage products 




General materials and methods 
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2.1 RAW MATERIALS 
2.1.1 Fish 
Frozen sardines (Sardina pichardus) were purchased from lnterfish Ltd, Plymouth. The 
whole fish samples were minced in a meat mincer (Moulinex Mincer, H3) using a plate 
with 3mm diameter pores. Sardines were mnde avnilable throughout the research 
programme and held frozen at -I8°C. 
2.1.2 Inoculum 
Lactobacillus plantarum was used to inoculnte the fish for fermentation. Strnin was 
NCIMB 6105, (NCIMB Ltd, Aberdeen, UK) and maintained in litmus milk at 4"C. Prior 
to use it wns nctivnted by three successive trnnsfers into De Mnn, Rogosn nnd Sharpe 
(MRS) broth (Oxoid, UK) growth medium. Inoculation was made tl·om a culture grown 
for 18 h. Then the culture was wnshed as follows: 
1- I 00 mls of the cells was spun at 4000 rpm for I 0 minutes. by us111g a Hettich 
Zentrifugen Rotina 46. 
2- The supernntant was decanted and the pellet wns mixed with PBS (Phosphate 
Buffered Saline, pH 7.2) and spun for 15 minutes (first washing) 
3- The supematant was decanted again and the pellet was mixed with PBS and spun tor 
15 minutes (second wnshing). 
4- The supernatant was poured off and the cells were resuspended in I 00 mls of 
Phosphate Buffered Saline (PBS). 
2.1.3 Apple pomace I 
The pomace was made in the laboratory by pressing Braeburn apples (Plymouth Fruit 
Sales Ltd.) using a Pulp Ejector Juicer ( L'EQUIPTivl, Model: 110.5, Juiccland Ltd, 
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Liverpool, UK) pits and stems were removed. Apple pomace was dried by using a 
Memme1i 600 covenation oven (Memmert GmbH + Co. KG, Schwabach, Gennany) at 
80"C overnight. Dried apple pomace was ground to fine size by using Kenwood Blender 
(Kenwood Ltd, Havant, UK). Proximate composition and total sugars of apple pomace 
were detennined. 
2.1.4 Apple pomace 2 
This material was obtained from Thatchers Cider Company Ltd, Sandford, England. 1t 
was essentially a by-product of apple juice and cider production which originated from 
a mixture of different apple species (30% Cox's, Braeburn and 70% Jonagold). Apple 
pomace was dried by a Memme1i 600 covenation oven (Memmert GmbH + Co. KG, 
Schwabach, Gennany) at 80"C overnight. Dried apple pomace was ground to tine size 
by using Hobart mixer (The Hobart Manufacturing Company, London, UK). Proximate 
composition and total sugars of apple pomace were detennined. 
2.1.5 Molasses 
Blackstrap Cane Molasses was obtained fi·om United Molasses London (UK). 
Proximate composition and total sugars of molasses were determined prior to use. 
2.2 METHODS 
2.2.1 Analytical chemistry methods 
The methods used throughout this study are derived from AOAC (2003) and arc 
described as tollowing: 
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2.2.1.1 Determination of pH 
A 5 g aliquot of fish were mixed with distilled water to a volume 50 ml, centrifuged at 
4000 rpm for 15 min. using a Hettich Zentrifugen Rotina 46 (Beverly, Moline, Illinois, 
USA) and the pH of the supematant was measured using Hanna pH meter 200 (Hanna 
Instruments, Bedfordshire, UK). 
2.2.1.2 Determination of moisture content 
5 g of sample was weighed into aluminum tray [W 1, weight of tray (g)+ sample weight 
(g) J and oven drying at 1 05"C to constant weight. The sample was reweighed (W2) after 
cooling in a desiccator. Moisture percentage was calculated according to the following 
fonnula: 
Moisture(%)= (W 1 _ W2) /weight of sample x 100 
2.2.1.3 Determination of ash content 
450-550 mg of sample was weighed into a pre-weighed ceram1c crucible and 
incinerated for 12 hat 550"C in a Carbolite GLM 11/7 muffle furnace (Furnaces Ltd, 
Shffield, UK). The inorganic residue in the crucible was the ash of the sample. Ash 
content of the sample was calculated according to the following equation: 
Ash (%) = ash weight (g) I sample weight (g) x I 00 
2.2.1.4 Determination of protein content 
The protein content was determined by Kjeldahl method. I 00-225mg of dried sample 
was weighed into nitrogen free paper and then transfcrTed to borosilicate digestion 
tubes. A Kjeldahl catalyst tablet (3g K2S04, I 05mg CuS04 . SH20 and I 05mg Ti02, 
BDH L TO, UI<.) and I Oml of concentrated I-I2S04 were added to each tube. Digestion 
was conducted in a Gcrhardt I<.jeldatherm digestion block comprising of 40 positions 
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(Gerhardt Laboratory Instruments, Bonn, Germany) at I 05°C for 15 m1ns, the 
temperature was then raised to 225"C for a further 60 mins and finally was raised to 
380"C for 45mins.The digestion process was conducted on a digestion block attached to 
a scrubber unit (Gerhardt Turbosog unit) in which acid fumes was neutralized through 
15% NaOH. The cooled samples were distillated using a Gerhardt Yapodest 40 
distillation unit where the sample was diluted with distilled water and neutralized with 
37% NaOH. The librated ammonia in the sample was then trapped into 50 ml of 4% 
orthoboric acid (1-1 3803 with '4.5' BDH indicator)) by automatically steam distillation. 
Subsequently the distillate was back- titrated against 0.1 M H2S04. Blank and reference 
(material with a known protein content tor validation) were run. Protein content was 
calculated according to the following fonnula: 
% Crud protein= (sample titre (m!)- blank titre (m!)) x 0.1 x 14.007 x 6.25 x l 00 
Sample weight (mg) 
Where: 
0.1 = Normality of H2S04 
14.007 = Molecular weight of nitrogen 
6.25 =Conversion h1ctor, protein is considered as 16% nitrogen 
2.2.1.5 Determination of total lipid 
Total lipid content was determined by solvent extraction using a Tecator Soxtec System 
I-IT l 043 Extraction Unit. 2-3 g or dried ground sample was weighed into an extraction 
thimble, plugged with glass wool. 40 ml of Petroleum Ether was added to a pl-c-weighed 
extraction cup. The extraction thimble and cup were placed in the 6 position extraction 
unit. The immersed thimble in solvent was boiled for 30mins and then rinsed f(x 45 
mins. Atier the extraction process was complete, the solvent was evaporated ti·om the 
cup and collected in the condenser. The cup was placed into the fume cupboard for 30 
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mins to eliminate any remaining solvent and left for cooling. The total lipid content was 
calculated using the following equation: 
%total lipid= extracted lipid (g) I sample weight (g) x I 00 
2.2.1.6 Determination of gross energy 
Gross energy was determined by lsoperibol bomb calorimeter, 1356 (Parr Instrument 
Company, Moline, Illinois, USA). The method is theoretically based on measuring the 
I iberated heat from a complete combustion of the sample by elecllical ignition in 
oxygen rich atmosphere (bomb). One g of of dried ground material was pelleted by a 
Pellet making Die and placed in a crucible. The crucible was placed in the metal loop of 
the bomb. Fuse wire was connected the anode and cathode of the bomb allowing the 
wire touch the upper surface of the pellet. lml of distilled water was pi petted into the 
bomb cylinder and the bomb head (electrodes) was placed into the bomb cylinder. The 
bomb was tilled with oxygen to 30 bars before ignition. The calorimeter bucket was 
tilled with 2000g of distilled water at a temperature less than room temperature by 2-3 
degrees. The bucket was placed in the calorimeter chamber and the bomb wus lowered 
down into the water bucket. The two ignition wires were connected into the terminul 
sockets which locuted on the bomb head. The tiring chamber was closed with their 
cover. The bomb was tired and the microprocessor was automatically compared the 
temperature rise with a known thenmtl curve, and after I 0 m ins the result in M.J/Kg was 
printed out. 
2.2.1.7 Determination of minerals 
The minerals content (i.e., calcium, copper. 1ron, potussium, magncslllm, manganese, 
sodium, phosphorus, sulphur, yttrium, zinc) were also determined according to standard 
protocols. Borosilicate digestion tube (Kjeldahl digestion tube) was washed, rinsed and 
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soaked in I 0% nitric acid solution, then subsequently rinsed in distilled water and oven 
dried before used. I 00-250 mg of dried sample was weighed into borosilicate digestion 
tube. I 0 m! of concentrated nitric acid (s.g. 1.42 (70%), Fisher Scientific) was added. 
Digestion was conducted in a Gerhardt Kjeldathenn digestion block which comprised of 
40 position (Gerhardt Laboratory Instruments, Bonn, Germany) at 60"C for I hr, the 
temperature was then raised to 90"C for a further I hr and was raised to I I O"C for 
30mins, finally was raised to 140"C for 2 h The digestion process was perfom1ed in the 
scrubber unit (Gerhardt Turbosog unit) in which acid fumes was neutralized through a 
15% NaOH. The cooled sample was diluted to 50ml with deionised water in volumetric 
flask and transfeiTed into 50 mls labelled centrifuge tube. Samples were analysed using 
Varian 725-ES Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) 
with operating conditions: Power = 1400 Watts, Coolant gas flow = 15 L min·', 
Auxiliary gas flows= 1.5 L min- 1, Nebuliser gas flow= 0.68 L min- 1, Nebuliser type= 
V -groove, Spray chamber type = Sturman-Masters and Viewing height = 8 mm above 
load coil. 
2.2.2 Other materials and methods 
Specific materials and methods including protocols are included 111 each or the 
following experimental chapters. 
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CHAPTER3 
The Production of fermented fish silage using apple 
pomace as a carbohydrate source and Lactobacillus 
plantarum as an inoculum 
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3.1 INTRODUCTION 
Biological fenncntation of fish silage needs a fennentablc sugar as a carbohydrate 
source for lactic acid bacteria growth due to a limited quantity of free sugar in fish (Raa 
& Gildbcrg, 1982). Many sources of carbohydrates have been used such as, molasses 
which is considered as a common source (Kompiang et al., 1980; Brown & Sumner, 
1985; Van Wyk & Hcydcnrych, 1985; Fagbcnro & Jauncey, 1994; Fa id et al., 1997; 
Yoon et al., 1997b; Zahar et al., 2002a; Zahar et al., 2002b; Vidotti et al., 2003) 
lactose (Hassan & Heath, 1986), glucose (Yoon el al., 1997b; Shirai et al., 200 I) eo m 
or tapioca flour (Fagbcnro & Jauncey, 1994), whey powder and refined sugar (Van Wyk 
& Heydenrych, 1985) and sucrose (Dapkevicius et al., 2007). The success of 
fcm1entation and degree of tish silage stability depends on several factors such as level 
of sugar in the mixture, incubation temperature, inoculum size of lactic acid bacteria 
starter culture (Raa & Gildberg, 1982). Sevcrul studies have been conducted to 
detennined the optimum level of carbohydrate necessary for successful fem1cntation 
usmg different carbohydrate sources like, molasses, lactose, glucose and lactose 
(Van Wyk & Hcydenrych, 1985: Hassan & Heath, 1986; Ottati et al., 1990; 
Dapkevicius et al., 1998: Shirai et al., 2001 ). 
Lactic acid bacteria arc found in very small numbers in tish as the natural microtlora in 
the gastrointcstinal tract compared with other spoilage microtlora. Thus an external 
lactic acid bacterium should be inoculated to compete with spoilage bacteria and 
commence a lactic acid fermentation (Raa & Gildherg, 1982). Several species of luetic 
acid bacteria are used in fish silage production, however Lactobacillus plantamm 
demonstrated more dTcctively when it was compared with other different species of 
lactic acid bacteria (Raghunath & GopakumaL 2002). Lactobacillus plali/(1/"UIII 
inoculum size plays a role in fenncntation rate and the time required for successful 
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fermentation to be achieved. Hassan and Heath ( 1986), found that I 03 cfu g· 1 of fish or 
more properly perfonned a successful fermentation in a rapid time. Lassen ( 1995), 
inoculated fish offal with I 07 to I 09 cfu g- 1 of silage levels of L. plantarum and revealed 
that I 0~ cfu g· 1 was the optimum level for a successful fennentation. 
The optimum temperatures for lactic acid bacteria fermentation for fish silage 
production are 35-40°C (Dapkevicius et al., 2007), many attempts have been conducted 
to find out the optimum temperature for a successful fem1entation and obtaining stable 
fish silage outside the range of 35-40°C and it was concluded that a successful 
fermentation was achieved when the incubation temperature was within the range of 20-
350C (1-lassan & Heath, 1986; Fagbcnro & Jaunccy, 1993a; Zahar et al., 2002b). 
The residue that remams after the extraction of juice from apple, known as apple 
pomace, represents about 20-35% of original fruits and contains about 59% soluble 
sugars and 36.8% of dietary fibre (Hang, 1988; Carson. K.J. et al., 1994). CuiTcntly it is 
either used tor animal feeding or is disposed of as an industrial waste. These rcsidues 
contain fennentable sugar which can be used by lactic acid bacteria in the fcnnentation 
of under utilized fish and fish waste for fish silage production as animal feeds. 
The objective of this study was to investigate the feasibility of producing fish silage by 
biological fem1entation using Lactobacillus plantamm as inoculum and apple pomace 
as a carbohydrate source. The optimum level of sugar necessary fill· a successful 
fem1entation was evaluated. The effects of inoculum size and incubation temperature on 
the fermentation process were demonstrated. Also the effect of fermentation on 
microbiological characteristics of fish silage was also examined. 
53 
3.2 MATERIALS AND METHODS 
3.2.1 Raw materials 
Fish, inoculum, apple pomace I, apple pomace 2 and molasses raw materials used in 
this experiment were described in chapter 2 section 2.1. 
3.2.2 Experiment I: Evaluation of a carbohydrate level necessary for a successful 
fermentation for apple pomace fish silage production 
3.2.2. I Experiment 1.1: Evaluation of 2%, 4%, 6%, 8% and I 0% as a total sugar 
in the fermentation mixture 
In this experiment different ratios of dried Braeburn apple pomace to minced sardine 
were used as follows: 0.05: I (2% total sugar), 0.1: I (4% total sugar) 0.16: I (6% total 
sugar), 0.23: I (8% total sugar), and 0.3 I: I (I 0% total sugar). 
According to the Pearson Square method a known weight of dried apple pomace and 
minced sardine was mixed thoroughly in sterilized glass container for each treatment. 
The mixture was comprised six replicate. four with L. plantamm inoculation and two 
without L. plantamm inoculation (control). For each replicate. a known equal weight of 
the mixture was placed in a sterilized glass, screw-capped jar, and then the sample was 
inoculated with 5% (v/w) ( 1.33 x I 07 cfu ml" 1) of a culture of L. plantamm grown tor 
ISh in MRS broth. The mixture was aseptically mixed thoroughly, scaled and incubated 
at 35"C. On day 0, 2, 4 and 7, tivc g of !ish silage were aseptically removed ti·om each 
replicate and mixed with 45ml of distilled water. pH, titratable acidity, sugars and 
organic acids were measured on each sample. 
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3.2.2.2 Experiment 1.2: Evaluation of 4%, 5% and 6% as total sugars in the 
fermentation mixture 
This experiment was designed according to the result obtained from experiment 1.1 in 
order to find out with more precision the optimum level of total sugars necessary for 
successful fennentation. In this experiment different ratios of dried Braebum apple 
pomace to minced sardine were used as follows: 0.1: I (4% total sugar), 0.15: I (5% total 
sugar) and 0.16: I (6% total sugar). Apple pomace tish silage was prepared by the same 
method as described in Experiment 1.1 except that 200 ml hem1etic jars were used. An 
inoculum size of L. planlamm culture was (9.6x I 07 cfu mr 1) were used. On day 0, I, 2, 
4 and 7, fish silage sample was aseptically removed from each jar and pH, titratable 
acidity, sugars and organic acids were determined. 
3.2.3 Experiment 2: Evaluation of optimum levels of molasses necessary for a 
successful fermentation for fish silage production 
Due to the importance of using molasses !ish silage as a control in the subsequent 
experiments, this experiment was conducted, to investigate the proper level of molasses 
necessary for a successful fem1entation. 
Different levels of molasses ( 13%, 15'Yo, 20% and 25%,), based on the values in the 
literature, were used. Fem1entation jars were prepared as described in experiment 1.2. 
The inoculation size was 9.7>: 107 cfu ml- 1. On day 0, 2, 4 and 7 samples were 
aseptically removed then pH, sugars and organic acids were measured. 
3.2.4 Experiment 3: Effect of inoculum size of L. plallfarum on fermentation 
process 
Apple pomace tish silage with ratio of 0.15 :I of apple pomace to minced sardine (5'% 
total sugars) and molasses tish silage as a control (20'% of molasses in the mixture) were 
prepared. Fennentation jars were prepar~..:d as clest.:ribed in experiment 1.2., four 
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inoculum s1zes (103, 105, 107 and 109 cfu mr 1) of L. p/antarum were used. Each 
treatment comprised three replicate. At intervals of 0, 6, 12, 24, 36, 48, 96 and 168 h a 
sample was aseptically removed from each jar and the pH was determined. 
3.2.5 Experiment 4: Effect of incubation tempenture on fermentation process 
The fennentation jars were prepared as described in experiment 3 with an inoculum size 
of4.49 x 109 cfu mr 1 (which was chosen according to the result of experiment 3) and 
the incubation temperatures were 15"C, 25"C, 35"C and 45"C. Each treatment comprised 
three replicate. Atier 0, 6, 12, 24, 36, 48, 96 and 168 h samples aseptically removed 
from each jar and pH was detennined. Samples were removed before and after 48 h 
incubation time for lactic acid bacteria count determination. 
3.2.6 Experiment 5: effect of fermentation on the microbiological characteristics of 
fish silage 
The fem1entation jars were prepared as described in experiment 4. The inoculum size 
was 3.5x I 09 cfu mr 1. Each treatment was comprised by three replicate. Samples were 
taken ti·om each jar before incubation and after 24, 48, 96 and 168 h and lactic acid 
bacteria, total viable count yeast and mould counts and pH were determined. 
3.2.7 Determination of pH 
The pH of tish silage was determined as described in chapter 2 section 2.2.1.1. 
3.2.8 Determination of titratahle acidity 
Titratablc acidity was measured by titrating I 0 ml of supernatant obtained as described 
for pl-1 determination with 0.1 N NaOI-1 using phenolphthalein as indicator. Acidity was 
expressed as •y,, Lactic acid by applying the following formula: 
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%Lactic acid (g 100 i 1 ) =(vol. NaOH) (N of NaOH) (eg.wt. of lactic acid) x 100 
1000 x (g of sample) 
Percent developed acidity was determined by subtracting the % titratable acidity of fish 
before fermentation ti·om the titratable acidity of the fermented sample. 
3.2.9 Proximate composition analysis 
Proximate composition of fish, apple pomace I and 2, molasses and fish silage for 
moisture, protein, lipid and ash were determined as described in chapter 2 section 2.2.1. 
3.2.10 Determination of total sugars and sucrose by volumetric method 
Total sugars and sucrose for dried apple pomace and molasses were determined by Lane 
and Eynon's volumetric method (Pearson, 1973). Ten g of dried apple pomace or 
molasses were macerated with distilled water in a 250 ml conical flask. The volume of 
the mixture was made up to 250 ml with distilled water and then filtered. The prepared 
solution was titrated against I 0 ml or 25 ml of mixed equal volumes of Fehling's 
solution A and B. In the commencing of the titration, I 0- I 5 ml of the sugar solution was 
added into the Fehling's solution then the liquid was heated. Four drops of 1% 
methylene blue was added to the boiled liquid and a further addition of the sugar 
solution was made into the boiled liquid until the blue colour was discharged. The 
concentration of reducing sugar in the solution then in the sample were calculated a tier 
used the appropriate factor which obtained ti·om a specific table for Lane and Eynon 
process. The reducing sugar concentration in the solution was calculated using the 
following equation: 
Sugar (mg) per I 00 ml of solution= 1:1ctor xI ()()/titration (m I) 
Sucrose in the solution was converted to invert sugar before the titration process. Fitiy 
ml of sugar solution was pipetted into a I 00 ml volumetric tlask then 5 ml of a 
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concentrated hydrochloric acid was added and kept ovemight. The solution was 
neutralized with dilute sodium hydroxide to a pH 4.2- 6.3 using a pH meter, cooled and 
made up to the mark. The solution was titrated with the same titration method which 
was described previously in this section. The sucrose in the solution was calculated 
using the following equation: sucrose concentration= invert sugar x 0.95. 
3.2.11 Determination of short chain organic acids and sugars by H PLC 
Organic acids and simple sugars were analyzed using Cynkotek High Perfom1ance 
Liquid Chromatography (HPLC), Munich, Ge1meny, according to the method of Niven 
et al. (2004) using a Varian metacarb 87H column (serial no. 05524314, USA). Elution 
was performed using dilute sulphuric acid (5 mmol L- 1) at a tlow rate of 0.5 ml min- 1 • 
The volume of samples injected was 20 11 L and analysis time was 30.5 m in per sample. 
Detection of sugars and organic acids was conducted by retl·actometry and signals were 
recorded using the Chromeleon information management systems software version 6.20 
SP2 Build 541 (Dionex Corporation, UK). 
To each sample 20 p L of 7% (v/v) sulphuric acid was added to denature dissolved 
proteins and shiti the acid dissociation equilibrium towards complete protonation of 
organic acids. Samples (I ml of the supernatant obtained as described for pH 
determination) were centrifuged at 13000 rpm for I 0 m ins. The supernatant was 
extrncted using I ml polypropylcne disposable syringes (Fisher Scientific SZR-150-
Oil Q) and tiltered through 0.45 ~tm NYL polypropylene syringe filters (What man 
lnternationnl Ltd. Maidstone, England) to eliminate any particulate material still 
present. Standards containing three concentrations of analytical grade lactic acid (300, 
150 nnd 75 m mol L- 1 ), acetic acid (I 00, 50 and 25 m mol L.\ sucrose (I 00, 50 and 25 
m mol L. 1 ), glucose (50, 25 and 12.5 m mol L- 1 ) and ti·uctosc (50, 25 and 12.5 m mol L- 1 ) 
were run bctore and a tier every six subsequent samples. 
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3.2.12 Microbiological examination 
The sample was prepared by homogenizing I g of fish silage in 9 m! of PBS for 2 m in 
using Whirli Mixer (Fisons Scientific, Ipswich, Suffolk, UK) and centrifugation for 15 
min. using MSE centrifuge (MSE Ltd, London). Aerobic total plate counts were 
detennined by spread- plating appropriate dilutions (I o·' to I 0" 10) on Tryptone Soy Agar 
(TSA) (Oxoid, UK). Plates were incubated aerobically at 37°C for 48 h. Lactic acid 
bacteria counts were detennined by spread plating on to MRS Agar (Oxoid, UK). The 
plates were incubated at 37°C for 48 h. Mould and yeast was examined on Rose Bengal 
Chloramphenicol agar (Oxoid, UK). The plates were incubated aerobically at 25°C for 3 
to 5 days. 
3.2.13 Statistical analysis 
Data were analyzed by one way analysis of variance (ANOVA); ditlerences between 
means were determined using Tukey's pairwise comparisons test using Minitab 
Software, version 15. 
3.3 RESULTS 
3.3.1 Experiment 1.1 
Proximate composition of ti·ozcn sardines and dried apple pomace I used in this 
experiment arc reported in table 3.1. Crude protein. crude lipid and ash ti·actions 
represented, about a third, half and sixteenth, of the dry matter of sardines, respectively. 
Such composition shows the potential of sardine as a source of proteins, lipids and 
minerals. In dried apple pomace, sugars represented about half of the dry matter, shows 
that dried apple pomace is a good source of a carbohydrates needed by L. planlamm 
during fenncntation process. 
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All apple pomace ratios tested resulted in a rapid decrease (P<0.05) in pH to less than 
4.5 after 2 days of incubation at 35°C (figure 3.1 ). Results also show that inoculation of 
the mixture with L. p/antarum accelerated the fermentation process; in fact, pH reached 
a value of less than 4.5 after 2 days of inoculation as compared to 4 days for control 
(non inoculated mixture). This study shows that a minimum of 2% total sugar (0.05: I 
apple pomace to fish ratio) is needed to decline pH to 4.5 or lower. A tier incubation for 
7 days, a desirable and stable pH of less than 4.5 was attained. Results reported in figure 
3.2 shows that the highest percent developed acidity (3.58%, 3.83%), expressed as % 
lactic acid were recorded after 4 days of fenncntation in 0.1: I ( 4% total sugars) and 
0.16: I (6% total sugars) dried apple pomace to fish ratios respectively. Also, it can be 
seen that the .titratable acidity increased as the fennentation time increased. Titratable 
acidity increment tend to compare to the pH decrement as shown in figure 3.1, this 
correspondence may be mediated by the buffering effect of the fish silage. It can be seen 
ti·om the result (tables 3.2 and 3.3) that calculated total sugar consumption during 
ensiling of sardine decreased with increasing total sugar concentration in the mixture. 
Also it was showed that the consumption or reducing sugars during the fennentation 
somewhat higher than sucrose while fructose was considerably higher than glucose. 
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Table 3.1: Proximate composition (Mean± SO,% w/w wet matter) of whole sardine and Braebum's apple pomace used in the 
production of apple pomace fish silage. 
Moisture Protein Lipid Ash Total Sugars 
Invert sugar Sucrose 
Sardine 60.39±0.07 14.20±0.28 19.13±0.61 2.51±0.32 
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• 0.05: I (control) 
• 0.05:1 
• O.l:I (control) 
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• 0.16: I (control) 
• 0.16:1 
• 0.23: I (control) 
• 0.23 :1 
0.31: I (control) 
• 0.31:1 
Figure 3.1: Effect of ratio of apple pomace to fish (whole sardine) on the development of 
pH over time during fermentation at 35°C after inoculation with Lactobacillus plantarum. 
Bars denote means values± SO. abc Significant difference (P<O.OS) between histograms 
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• 0.05: I (control) 
• 0.05:1 
• 0.1: I (control) 
•0.1:1 
• 0.16: I (control) 
• 0.16:1 
• 0.23: I (control) 
• 0.23 :1 
0.31: I (control) 
• 0.31:1 
Figure 3.2: Effect of ratio of apple pomace to fish (whole sardine) on the development of 
titratable acidity over time during fermentation at 35°C after inoculation with 
Lactobacillus plantarum. Bars denote means values ± SO. 
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Table 3.2: Sugars and organic acids content during the fermentation of whole sardine with 
different ratios of apple pomace by Lactobacillus plantarum at 35°C. 
Apple pomace Sugars 
& organic acids 
Fish (mmol L- 1) Time (days) 
0 2 4 7 
0.05:1 (2%) Lactic acid 137.18 564.28 530.21 545.44 
acetic acid 5.81 25.06 28.45 31.41 
Sucrose 54.22 1.44 1.50 0.77 
Glucose 69.49 56.00 46.16 49.16 
Fructose 104.18 5.06 0.90 0.33 
Total sugars ** 227.90 62.50 8.57 50.26 
% sugar consumed 0 72.58 78.69 77.95 
0.1:1 (4%) Lactic acid 122.71 719.97 731.84 802.03 
acetic acid 2.46 26.58 24.24 27.59 
Sucrose 130.99 93.90 82.33 70.17 
Glucose 87.04 61.74 63.94 67.38 
Fructose 194.93 4.30 6.93 6.71 
Total sugars 412.95 159.93 153.2 144.26 
% sugars consumed 0 61.27 .62.90 65.07 
0.16:1 (6%) Lactic acid 126.08 742.14 850.17 800.23 
acetic acid 6.98 26.58 29.24 24.59 
Sucrose 182.81 158.05 147.90 127.01 
Glucose 142.56 61.58 68.84 70.16 
Fructose 357.56 181.59 144.22 138.95 
Total sugars 682.93 401.22 360.96 336.12 
% sugars consumed 0 41.25 47.15 50.78 
0.23: I (8%) Lactic acid 131.76 593.45 723.92 643.15 
acetic acid 5.56 21.12 29.15 30.40 
Sucrose 245.48 203.09 194.25 149.68 
Glucose 166.03 55.81 64.49 66.03 
Fructose 447.19 322.30 313.90 285.96 
Total sugars 858.70 581.20 572.65 501.66 
% sugars consumed 0 32.32 33.31 41.58 
0.31:1 (10%) Lactic acid 134.82 637.75 580.26 800.39 
acetic acid 6.27 23.34 30.22 36.06 
Sucrose 297.10 338.94 236.70 281.57 
Glucose 228.10 88.51 57.09 87.95 
Fructose 633.47 481.64 367.09 492.97 
Total sugars 1158.67 909.09 660.89 862.48 
% sugars consumed 0 21.54 42.96 25.56 
Sugar content in the mixture. '"Total sugars calculatctl by summing the fcrmcntable sugars 
(sucrose, glucose and fructose). 
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Table 3.3: Sugars and organic acids content during the fem1entation of whole sardine 
with different ratios of apple pomace without inoculation by Laclobacillus planlarum at 
35"C. 
Apple pomace Sugars & 
organic acids 
Fish (mmol L- 1) Time (days) 
0 2 4 7 
0.05: I (2%)* Lactic acid 111.27 112.28 75.22 45.17 
acetic acid 0.09 163.52 215.19 336.48 
Sucrose 56.07 3.55 0.75 4.78 
Glucose 71.06 31.92 26.48 24.19 
Fructose 119.53 11.78 7.27 7.70 
Total sugars ** 246.67 47.25 34.50 36.67 
% sugars consumed 0 80.85 86.01 85.13 
0.1:1 (4%) Lactic acid 110.93 118.20 571.29 641.02 
acetic acid 24.78 13.48 37.41 42.93 
Sucrose 151.71 98.52 78.18 76.30 
Glucose 93.49 93.76 60.18 59.74 
Fructose 220.15 216.44 5.26 7.08 
Total sugars 465.35 408.72 143.62 143.12 
% sugar consumed 0 12.17 69.14 69.25 
0.16:1 (6%) Lactic acid I 08.41 163.16 712.16 733.30 
acetic acid 0.00 1.44 19.90 19.63 
Sucrose 180.32 171.72 175.14 127.42 
Glucose 175.14 133.41 70.37 61.78 
Fructose 361.20 344.02 265.03 166.08 
Total sugars 716.66 649.15 510.54 355.29 
% sugars consumed 0 9.42 28.76 50.42 
0.23:1 (8%) Lactic acid 98.72 123.87 532.52 580.80 
acetic acid 0.40 0.00 16.92 22.47 
Sucrose 237.62 240.73 229.65 172.71 
Glucose 163.53 172.52 89.44 78.49 
Fructose 444.81 460.07 433.88 379.08 
Total sugars 845.96 873.32 752.97 630.29 
% sugars consumed 0 0 11 25.49 
0.31: I (Ill%) Lac! ic acid 11 1.36 139.53 412.18 630.45 
acetic acid 4.67 5.50 18.11 36.15 
Sucrose 315.79 359.60 304.36 328.67 
Glucose 241.79 208.66 120.81 117.98 
Fructose 684.28 576.55 481.83 565.47 
Total sugars 1241.85 1144.81 907.00 1012.12 
'Yo sugars consumed 0 7.81 26.96 18.50 
"Sugar content in the mixture. ''"Total sugars calculated by summing the fermentable 
sugars (sucrose, glucose and tl·uctosc). 
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3.3.2 Experiment 1.2 
Proximate composition of frozen sardine and dried apple pomace I used in this 
experiment are reported in tables 3.4 and 3.1 respectively. The pH decline, organic acid 
production and sugar consumption during fennentation process by using different levels 
of sugar in the mixture (4%, 5%, and 6%) are shown in figures 3.3 and 3.4 and tables 
3.5 and 3. 6. It can be seen from the result that all ratios of apple pomace recorded a 
decline in pH to 4.5 and less within 2 days of fennentation and remained stable until 
day seven. Also, the production of lactic acid during fennentation increased as the 
fennentation time increased. There were no significant differences (P>0.05) in pH at 
day 2 of fermentation between 4%, 5% and 6% sugar levels. However a significant 
different was registered (P<0.05) at day 4 when comparing 4% with 5% and 6% sugar 
levels. Because there was no significant difference was observed (P>0.05) in pH 
between 5% and 6% sugar levels at day 4 of fem1entation, so 5% sugar level in the 
mixture was considered as the proper level necessary for a successful fennentation. 
Accordingly 5% sugar in fem1entation mixture was chosen as a fixed concentration for 
the subsequent experiments. 
Table 3.4: Proximate composition (Mean ± SO, % w/w wet matter) of whole sardine, apple 
pomace and molasses used in the fennentative apple pomace and molasses fish silage. 
Moisture Protein Lipid Ash Total Sugars 
Invert sugar Sucrose 
Sardine 64.69±1 .78 16.16±0.73 10.70±2.47 2.96±0.22 
Apple pomace 2 7.42±0.04 3.81±0.13 I .20±0.1 0 I .52±0.02 3 I .63± I .25 3.61±0.25 
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Time (days) 
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• 0.1: I (control) 
• 0.1 :1 
• 0. 15:1 (control) 
•0.1 5:1 
• 0.16: I (control) 
• 0.16:1 
Figure 3.3: Effect of ratio of apple pomace to fish (whole sardine) on the development of pH 
over time during fermentation at 35°C after inoculation with Lactobacillus plantarum. Bars 
denote means values ± SO. abcSignificant difference (P<0.05) between histograms bearing 
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• 0. 1: I (control) 
• 0. 1:1 
• 0.15:1 (control) 
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• 0. 16: I (control) 
• 0. 16:1 
Figure 3.4: Effect of ratio of apple pomace to fish (whole sardine) on the development of lactic 
acid over time during fennentation at 35°C after inoculation with Lactobacillus plantarum. Bars 
denote means values± SO 
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Table 3.5: Sugars content during the fennentation of whole sardine with different ratios of 
apple pomace by Lactobacillus plantarum at 35"C. 
Apple pomace : Fish Sugars 
(mmol L- 1) Time (days) 
0 1 2 4 7 
0.1:1 (4%) Sucrose 122.02 98.71 92.73 87.56 70.54 
Glucose 112.50 40.70 57.65 61.47 61.16 
Fructose 247.12 88.00 3.93 5.22 2.96 
Total sugars ** 481.64 227.41 154.31 154.25 134.65 
% sugars consumed 0 52.78 67.96 67.97 72.04 
0.15:1 (5%) Sucrose 149.21 134.29 118.97 107.13 93.83 
Glucose 137.69 43.12 56.33 62.85 66.38 
Fructose 316.77 162.39 79.01 17.19 21.80 
Total sugars 603.67 339.79 254.31 187.17 182.01 
% sugars consumed 0 43.71 57.87 69 69.85 
0.16:1 (6'Yo) Sucrose 194.93 180.87 160.37 153.96 136.48 
Glucose 159.96 36.68 55.04 62.96 70.35 
Fructose 389.11 267.32 187.84 115.43 I 01.10 
Total sugars 744.00 484.87 403.25 332.35 307.93 
% sugar consumed 0 34.83 45.80 55.33 58.61 
Sugar content in the mixture. **Total sugars calculated by summing the fcnnentable sugars 
(sucrose, glucose and fructose). 
Table 3.6: Sugar content during the fcrmentativc cnsiling of whole sardine with different 
ratios of apple pomace without inoculation by Lacwbacil!us p/antanm1 at 35"C. 
Apple pomace : Fish Sugars 
(mmol L" 1 ) Time (days) 
0 I 2 
" 
7 
0.1:1 (4%) Sucrose 109.69 22.57 11.82 2.88 2.26 
Glucose 104.62 28.34 33.53 34.51 34.21 
Fructose 226.01 82.08 40.42 30.29 28.20 
Total sugars ** 440.32 133.00 85.77 67.69 64.67 
% sugars consumed Cl 69.79 80.52 84.63 85.31 
0.15:1 (5%) Sucrose 149.92 81.27 53.45 49.52 50.98 
Glucose 134.13 34.76 29.18 22.09 32.69 
Fructose 314.22 176.37 79.09 84.66 82.29 
Total sugars 598.27 292.40 61.72 156.27 165.95 
% sugars consumed 0 51.13 72.97 73.88 72.26 
0.16: I (6%) Sucrose 182.74 186.64 123.19 108.22 57.93 
Glucose 152.70 106.00 29.98 40.58 49.45 
Fructose 3 70.89 309.54 195.02 129.10 184.04 
Total sugars 706.33 602.18 348.18 277.90 291.41 
% sugars consumed 0 14.75 50.71 60.65 58.74 
'sugar content in the mixture. **Tot<.JI sugars calculated by summing the l"ermentable sugars 
(sucrose, glucose and rructosc). 
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3.3.3 Experiment 2 
Proximate composition of frozen sardines and molasses used in this experiment are 
rep011ed in table 3.4. The effect of different levels of molasses on pH decline is shown 
in table 3.7. From the results it can be seen that the pH values declined to 4.5 or less 
within two days of fermentation in all the levels tested, except for the mixture 
containing 13% molasses which recorded a decline to pH 4.56 after four days of 
fem1entation. There were significant differences (P<0.05) in pH at day 2 of 
fennentation between 13'Yo, 15%,, 20%, and 25°/c, molasses. However, 20% molasses in 
the mixture gave a better pH result, as it declined to 4.4 compared to 15% molasses 
which reached to 4.55. Consequently 20% molasses in the mixture was chosen as a 
tixed concentration for the subsequent experiments. Lactic acid production during 
fermentation with 20% molasses (figures 3.5 and 3.6) tended to agree with the pH 
value. 
Table 3.7: Effect of different levels of molasses and length of incubation on pH decline 
in whole sardine during fermentation by Laclobacillus planlarum at 35"C. 
Treatment o;., Molasses Time 
(days) 
0 2 4 7 
+LP* 13'1<. 7°/o". 6.25;1 4.65;1 4.56;1 4.37" 
15% 8°/o 6.07'' 4.55° 4.51 h 4.42" 
20% 10% 6.01" 4.40" 4.39" 4.35"" 
25% 13% 5.95d 4.33d 4.27d 4.28" 
-LP** 13% 
. . 
7% 6.26 5.24 5.27 5.17 
15% 8'Yo 6.20 5.23 5.16 5.15 
20% Ill% 6.02 5.06 4.71 4.65 
25% 13% 5.96 5.16 4.51 4.52 
"· .u Means within column for each treatment with different subscripts are significantly 
different (P<0.05). * Inoculation with Lac/obacillus plan/arum. ** Without inoculation 
with Laclobacillus p/anlaJ"l/111 (contrnlj.''**sugcr content in the mixture. 
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Figure 3.5: Sugars and organic acids content during fermentation of whole sardine using 20% 
molasses and Lactobacillus plantarum at 35°C. 
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Figure 3.6: Sugars and organic acids content during fermentation of whole sardine using 20% 
molasses and without inoculation by Lactobacillus plantarum at 35°C. 
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3.3.4 Experiment 3 
Proximate composition of the frozen sardines, dried apple pomace 2 and molasses used 
in this experiment are shown in table 3.4. The effects of Lactobacillus plantarum 
inoculum sizes of I 02, I 04, I 06 and I 0~ cfu g- 1 of fish on fennentation are shown in table 
3.8. pH changes after 6, 12, 24, 36, 48, 96 and 168 h of fennentation were used to 
detennine any differences in the degree of fennentation and the time needed for proper 
fem1entation to be achieved. The main effects of inoculum size and time after 
inoculation produced significant (P<0.05) differences and a time by inoculum size 
interaction was found to be significant (P<0.05) for both fish silages examined. From 
the result it was observed that the pH did not register any decline to 4.5 even after 168 h 
in apple pomace and molasses samples inoculated with 102 cfu g- 1. However inoculation 
with I 04 cfu g- 1 resulted in a pH decline to 4.54 within 48 h in the apple pomace sample 
but failed to show any decline to 4.5 or less in the molasses sample. The pH 
significantly (P<O.OS) declined more rapidly and reached to 4.5 or less within 24 h in 
the samples inoculated with I 0~ cfu g- 1 than in those inoculated with I 02, 104 and I 06 
cfu g- 1. A successful fermentation was achieved and the pH was decreased to 4.4 7 and 
4.56 within 24 h respectively in apple pomace and molasses fish silage samples 
inoculnted with I Ox cfu g- 1. However the pH was decreased to 4.48 within 36 h and 
4.56 within 48 h respectively in apple pomace and molasses !ish silage samples 
inoculated with I 06 cll.1 g- 1. The pH stabilized nt the lower value until 168 h fix both 
levels of inocula sizes (I <t I Os cfu g· 1 ) in apple pomace and molnsses tish silage 
samples and as well as in apple pomace !ish silage sample inoculnted with I 04 ch1 g" 1. 
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Table 3.8: Effect of Lactobacillus planwrwn inoculum size on pH decline during fermentation of apple pomace and molasses fish silage. 
Fermentation time (h) 
Treatment Inoculum 0 6 12 24 36 48 96 168 P-value 
(cfu g" 1 ) 
APFS I 11 2 5.86" "5.82" "5.91" "5.42" "4.93c A4.78J A4.85cd A4.90cil <0.05 
HI~ 5.88" ""5.84" "5.91" 134.93h B4.64c B4.54cd 84.50° 84.5Jd <0.05 
106 5.89" ""5.85" 85.J2h c4.64c c4.48u 8C4.43d c4.29c c4.29c <0.05 
IOX 5.83" 134.96h c4.62c 0 4.47<1 c4.40d c4.35dc c4.28dc c4_27c <0.05 
SEI\1 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
P-value >0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <o.os··· 
MFS 1112 6.28" "6.27" A6.29" A5.85h "5.1 oc A4.94d A4.95c A4.81 1 <0.05 
~~~~ 6.29" "6.28" "6.28" 8 5.J3h 84.72c B4.68cd B4.66cd 84.60" <0.05 
I 111' 6.29" ;\6.28" 85.88h c4.67c c4.60cd c4.56" B4.59cd 84.52" <0.05 
ION 6.24" 8 5. 70h c4. 74c 04.56d c4.61d 8C4.58" 84.58d 84.53d <0.05 
SEM 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
P-value >0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <o.os··· 
Significant difference (P<0.05) between means bearing different letters in the same row. ' Significant difference between means 
bearing different letters in the same column and parameter within treatments. • Apple pomace fish silage. 
.. 
Molasses fish silage. ···Interaction 
P-Value. 
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It was considered that the inoculum size of I 08 cfu g- 1 was the best (pH decline to 4.5 or 
less within 24 h), and was thus chosen as the fixed inoculum size in subsequent 
experiments. 
3.3.5 Experiment 4 
The proximate composition of ti·ozen sardines and dried apple pomace 2 used in this 
experiment are shown in table 3.4. Fennentation results of whole sardine at 15"C, 25"C, 
35"C and 45"C using apple pomace and molasses as a carbohydrate source are 
presented in table 3.9. Lactic acid bacteria count during fennentation of sardine for 
apple pomace and molasses fish silage preparation is displayed in table 3.1 0. Analysis 
of variance showed a significant (P<0.05) fermentation time x fermentation tempernture 
interaction and fermcntntion time and temperature effects were significant (P<0.05) for 
both fish silages tested. From the result it can be observed that n successful fermentation 
wns obtained at 25"C and 35"C and the pH was reduced within 24 h to 4.56, 4.67 and 
4.52, 4.61 in apple pomace and molasses tish silage, respectively. However the pH also 
declined to less than 4.5 within 48 h at 15"C in both fish silagcs. Fermentation at 45"C 
was not successful and the pl-1 WciS not lowered to 4.5 even to 168 h of fermentation. 
Statistical analysis showed no significant difference (P>0.05) in pH values within apple 
pomace and molasses fish silage treatments at 25"C and 35"C on 24 h of fermentation 
and at 15"C on 48 h of fermentation. 
Findings showed a significant (P<0.05) fermentation time x fem1entation temperature 
interaction ami fenncntation time and temperature effects were significant (P<O.OS) on 
lactic acid bacteria growth for both fish silagcs tested (t<Jblc 3.1 0). lt can be seen that 
lactic acid bacteria at 15"C 25"C and 35"C increased significantly (P<O.OS) fl·om initial 
count of I o' to I o') cfu g" 1 in 48 h in apple pomace <Jnd moi<Jsses fish silages. However 
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the initial count decreased significantly (P<0.05) from I 08 to I 04 cfu g- 1 and from I 08 to 
I 06 cfu g- 1, in 48 h, respectively in apple pomace and molasses fish silages at 45"C. It 
was deduced that 35"C is optimum temperature and perfom1ed successful fem1entation, 
and was therefore, chosen as the fixed temperature for the subsequent experiments. 
3.3.6 Experiment 5 
The proximate composition of minced sardines and dried apple pomace used in this 
experiment are shown in table 3.4. Growth of aerobic, lactic acid bacteria and yeast and 
mould brrowth of apple pomace and molasses fish silages are presented in table 3.11. 
Findings showed a signi tlcant (P<0.05) fem1entation time x tem1entation temperature 
interaction and fem1entation time and temperature effects were significant (P<0.05) for 
both fish silages tested. It can be seen ti·om the results that lactic acid bacteria in both 
tish silages showed an increase in growth to a maximum at day one and started to 
declined after day 2 were recorded a significantly (P<0.05) decreasing at day four. They 
then continued decreasing and demonstrated the lowest number at day seven. A similar 
trend in aerobic bacterial growth was observed in both tlsh silages. No growth of yeast 
and mould was observed 1n apple pomace and molasses tlsh silage. 
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Table 3.9: Effect of different temperatures on pH decline during fermentation of apple pomace and molasses fish silage. 
Time (h) 
Treatment Temperature 
0 6 12 24 36 48 96 168 P-Value 
APFS 15"C 5.44ab As.,?.!\: ·~'- "5 6~h . _) "5.17c A4.74d A4.341 A4.221 A4.191 <0.05 
25"C 5.45;\ A5.J5h 84.9Jc 84.56d 84.51 de A4.31 er A4.19rg A4.05g <0.05 
35"C 5.51 a ll4.85b c4.69hc B4.52cd s4.49cd A4.34dc A4.25c A4.17c <0.05 
45"C 5.50;\ A5.J5b D5.19h A5.0 I he c4.97" 84.85c 84.84c 84.82c <0.05 
SEM 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
P-Valuc >0.05 <0.05 <(J.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ... 
MFS 15"C 5. 9()ab A5.86ab t\6.03" A5.7h -"4.95c A4.3Id -"4.38Jc A4.53c <0.05 
25"C 5.88;\ t\5.85;\ ll5.28h 84.67c B4.62cd B4.59cd A4.48d A4.48d <0.05 
35"C 5.89;\ B5.40h c4.79' 134.61<1 s4_64cdc s4_62cdc -"4.46cr A4.4i <0.05 
45"C 5.84;\ t\5.80;\ 0 5.66a c5.24h c5.21 b c5.09bc 84.97c 85.ooc <0.05 
SEM 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
P-Valuc >(J.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ... 
a.h.c.d.r.l.~ Signi ticant difference (P<0.05) between means bearing different letters in the same row. ABCD Significant difference (P<0.05) 
between means bearing different letters in the same column and parameter within treatments. 
***Interaction P- Value. 
* Apple pomace fish silage. **Molasses fish silage. 
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Table 3.10: Lactic acid bacteria count during fennentation of apple pomace and molasses fish 



















1.5x I Os" 
1.6x I Os" 
















"· Significant difference between means bearing different letters in the same row. Significant 
difference between means bearing different letters in the same column and parameter within 
treatment.* Apple pomace fish silage. "Molasses tish silage. ***Interaction P-Value 
Table 3.11: Total population counts of micro-organisms on apple pomace and molasses tish 
silage at various times after preparation at 35"C. 
Microbial Flora (cfu i ) 
Treatment Time pH Aerobic Bacteria Lactic Acid Bacteria 
(days) 
0 5.6 1.2x 10'" I .6x I Cl' " 
4.54 4.1 X I 09 h 4.3>:Jo'Jh 
2 4.45 s.1 x 1 o') h 4.3xJo'Jh 
4 4.25 2.6x I o'Jc 2.6x I 09 ' 
7 4.21 4.2xJ07 d 4.0xJ07 d 
MFS 0 6.10 J.5x)()'" I .4x I o· " 
1 4.63 5.2x I o') 11 5.7xJo')h 
2 4.56 6.2x I o')" 5.8x I o') h 
4 4.55 1.9x I o')' 1.6x I 09 ' 
7 4.55 2.9xJOxd 2.9x)()Xd 
a.>.r.< Means within column for each treatment with ditferent subscripts are signiticantly (P<0.05) 
different. *Apple pomace fishsilage.**Mnlasses fish silage. No yeast and mould was cletectecl. 
75 
3.4 DISCUSSION 
3.4.1 Experiment 1.1 and Experiment 1.2 
It was revealed from the result of these experiments that 0.05: I (2% total sugars) apple 
pomace to minced sardine ratio showed a slight increase in pH after 4 days of 
fermentation compared to that on day 2. This elevation in pH may be attributed to the 
neutralization of lactic acid by ammonia produced from protein degradation and the 
inability of lactic acid bacteria to produce additional amounts of lactic acid due to 
consumption of most sugars in the mixture (figure 3.1 ). It was indicated that a 
successful fennentation was obtained (P < 0.05) within the ratios 0.1: I to 0.16: I apple 
pomace to minced sardine ratio, which is equivalent to 4%- 6% total sugars after 2 days 
of fem1entation at a temperature of 35°C. Similar fermentation period to achieve a 
desirable pH has been cited using other fem1entable sugars (Kompiang et al., 1980; 
Hassan & Heath, 1986; Fagbenro & Jauncey, 1993b; Fagbenro & Jauncey, 1994; Shirai 
et al., 2001; Dapkevicius et al., 2007). The period during which the pH of the silage is 
above 4.5 is considered as a critical time and must be shortened (Dapkevicius et al., 
2007). Lindgren and Plcje ( 1983) reported th<Jt clccl ine of pH under 4.5 must be 
achieved within 2-3 days to grant a stable and safe silage production. According to the 
results all sugar levels tested have an effect on the silage pattern, where pl-1 decreased 
and lactic acid increased with increasing sugar concentration in the mixture in respect to 
time. However when the sugar level is above 6'% a decrease in lactic acid production is 
observed (table 3.2). Similar results were obtaine.d when Shirai et al. (2001) evaluated 
the effect of difkrcnt levels of glucose on fish silage performance. They found that all 
glucose concentrations affected the fermentation pattern. resulting in pl-1 decrease with 
increasing glucose concentration in the !Cnncntativc paste. However a longer Jag phase 
is recorded and attributed to a decrease in water activity (aw) in the mixture promoted by 
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the additional quantities of a water-binding substance such as a sugar. From the result of 
experiment 1.2 it was deduced that the minimum amount of fennentable sugar needed 
for a successful fermentation was 5%. This sugar quantity has been confinned by other 
researchers who used other carbohydrate source for the fem1entation process (Van Wyk 
& Heydenrych, 1985; Hassan & Heath, 1986). 
3.4.2 Experiment 2 
The addition of carbohydrate in the preparation of fennentative fish silage is important 
and plays a major role in the success of the fennentation process. Many carbohydrate 
sources have been used, the most common of which is molasses. The optimum level of 
molasses (20%) obtained from this experiment is within the range of acceptability in 
many studies which used molasses at between I 0-40% (Kompiang el al., 1980; Brown 
& Sumner, 1985; Van Wyk & Heydenrych, 1985; Fagbenro & Jauncey, 1994; Faid e1 
al., 1997; Y oon e1 al., 1997b; Zahar e/ al., 2002a; Zahar el al., 2002b; Vidotti el al., 
2003). Different results have been obtained ti·om many studies conducted to determine 
the optimum concentration of molasses needed for a successful fennentation. Bello el 
al., ( 1992), found that 7.5% blackstrap molnsses wns the optimum level for a successful 
fermentation of hydrolyzcd cod. It has nlso been revealed in other studies that 15% 
molasses was the optimum level to manufacture a stable fish silage (Ottati e/ al., 1990). 
However Dapkevicius cl a/ ( 1998) did not obtain a drop in pH of less than 4.5 in 48h 
when using 20'% molasses for ensiling of blue whiting (Micromesislius pouwssou 
Risso ). 
3.4.3 Experiment 3 
The result of this experiment showed that the initial inoculum size of Laelobacillus 
p/anlanunmust be more than 102 cti.1 g- 1 and that a higher inoculum size (!Ox cfu g" 1) is 
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more efficient, resulting in a rapid pH decline (<4.5) within one day, which gives a 
good silage perfonnancc and shortens the initial stages of fennentation, consequently 
reducing the fcnnentation time for spoi I age competing bacteria and prolonging the later 
stages of fcm1entation in which lactic acid bacteria become predominate (Raa & 
Gildbcrg, 1982). The findings of this experiment arc in agreement with those of Hassan 
& Heath ( 1986), who observed that 103 cfu g· 1 or higher of Lac!Obacillus plantarum are 
enough to obtain a successful fcnncntation and get a lower pH value. Also Lassen 
( 1995), tound that 1 os cfu/g· 1 was the ideal level of Lactobacillus plantamm to give low 
pH and performance stable silage, this observation is exactly the same as was found in 
this experiment. 
3.4.4 Experiment 4 
Optimum temperatures during lactic acid bacteria fermentation process for fish silage 
production are 35-40°C (Dapkevicius et al., 2007). Many attempts have been conducted 
to find out the optimum temperature tor successful fermentation and obtaining a stable 
fish silage outside the range of 35-40°C. In this experiment, a wide range of incubation 
temperatures, 15-45°(, were tested with the result that 25, 35°( were the optimum 
temperatures needed tl1r successful fermentation. Those findings also agree with Hassan 
& Heath ( 1986), who found that the optimum incubation temperatures of inoculated 
white perch with Lacrobacillus planWru111 were 25, 35°C. Similar results have been 
recorded by Fagbenro & Jauncey ( 1993a) who observed that the pH decreased rapidly at 
20-35°( during the fermentation of minced tilapia. In another study natural 
fermentation of sardine was run successfully at 25, 35°( (Zahar et al., 2002b). The 
optimum wide range of temperatures obtained fi·om this experiment may have the 
advantage of a reduction of energy and equipment costs. 
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3.4.5 Experiment 5 
Lactic acid bacteria in this experiment showed an increase in counts and reached a 
maximum within 24 h. However after day 2 of fennentation a decrease in bacterial 
counts was observed. A similar trend in lactic acid bacterial counts during fish ensiling 
have been reported (Hassan & Heath, 1986; Yoon et al., 1997b; Zahar et al., 2002a; 
Dapkevicius et al., 2007). The observed decrease in lactic acid bacteria counts attributed 
to the inability of Lactobacillus plantarum to grow and produce lactic acid below a pH 
range 4-4.5 (Jay, 1978). This also may be due to natural autolysis of the lactic acid 
bacteria during the decline phase (Zahar et al., 2002b). Total viable counts in this 
experiment demonstrated quite similar counts to lactic acid bacteria and were thus 
accounted tor by lactic acid bacteria. Wirahadikusumah et al. ( 1971) reported that lactic 
acid bacteria have the ability to inhibit the growth of spoilage bacteria like Bacillus, 
Pseudomonas and Proteus species which arc found on tish. The absence of ycasts and 
mould growth recorded in this experiment may be attributed to the strictly anaerobic 
condition during the fish cnsiling. The growth of yeasts and mould could be caused by 
the fermentation mechanism proceeding in aerobic conditions or the tish silage is 
exposed to air (Raa & Gildberg, 1982). 
Results of this study revealed the feasibility of produce tish silage using apple pomace 
as a carbohydrate source and Lactobacillus plantarum as an inoculm by biological 
fennentation and the optimum conditions necessary for a successful fermentation was 
defined. Regarding to the findings obtained an experiment have to he li.11inwecl to 
investigate the chemical changes during fermentation and storage of the product. 
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CHAPTER4 
Changes in composition and chemical properties of 
sardine silage during ensilage and storage 
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4.1 INTRODUCTION 
Chemical composition and changes of acid and fcnncntcd fish silage during liquefaction 
and storage have been conducted by a number of researches (Windsor, 1974; Jackson et 
al., 1984; Hassan & Heath, 1987; Alwan el al., 1993; Fagbcnro & Jaunccy, 1993a; 
Ahmcd & Mahendrakar, 1996; Espe & Lied, 1999; Vidotti et al., 2003 ). Any novel 
protein source like fish silage should be analysed for its chemical composition and the 
changes that may exist during storage before being incorporated into fish diets. It was 
found that autolysis has no effect on the proximate composition of tish silage apart from 
the little dilution impact of the acid or the carbohydrate added to the raw materials as 
reported by Tatterson ( 1982) and Ahmed and Mahcndrakar ( 1996). During long tcnn 
storage of tish silage nutritionally undesirable changes that may occur in the chemical 
composition (proximate composition, amino acids and tree amino acids), the extent of 
these changes varies according to temperature and length of storage, however, 
contradictory results were obtained regarding these changes by Backhoff ( 1976); 
Kompiang et al. ( 1980); Hassan & Heath ( 1987); Dapkcvicius et al. ( 1998) and Espc & 
Lied ( 1999). 
Some chemical analyses are required tor quality investigation of stored fish silage to be 
suitable as protein source tor aquafeeds such as, total volatile basis, thiobarhituric acid 
reactive substances, non-protein-nitrogen and tl·ee httty acid and used as a quality 
criterion in many studies (Hassan & Heath, 1987; 1-laaland & Njaa, 1989; Dong et al., 
1993; Ahmed & Mahendrakar, 1996; Faid cl al., 1997: Yoon et al., 1997a: Dapkevicius 
et al., 1998: Fagbenro & Jauncey, 1998: Gelman et al .. 2001: Dapkevicius cr al., 2007; 
Ndaw et al .. 2008). 
Therefore. the aun of this study was to determine the composition and chemical 
characteristics of fresh and stored apple pomace and molasses fermented lish silage. 
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4.2 MATERIALS AND METHODS 
4.2.1 Raw materials 
Fish, inoculum, apple pomace 2 and molasses raw materials used in this experiment 
were described in chapter 2 section 2.1. 
4.2.2 Experiment I: Effect of fermentation and acid preservation on composition of 
minced sardine 
4.2.2.1 Apple pomace fish silage preparation 
Apple pomace fish silage with ratio of 0.15: I of apple pomace to minced sardine (5% 
total sugars) was prepared and the amounts of minced sardine and apple pomace were 
calculated using the Pearson square method. A known weight of dried apple pomace 
and minced sardine were mixed thoroughly in sterilized glass container. The treatment 
consisted of three replicates, for each replicate. known equal weight of the mixture was 
placed in sterilized 200 ml hem1etic jar, then the sample was inoculated with 5% (v/w) 
(7.4 x 109 cfu ml- 1) of a culture of L. plantanm1 grown tor ISh in MRS broth. The 
mixture was aseptically mixed thoroughly, scaled and incubated at 35"C tor 7 clays. 
Samples were removed betixe and after tcrmcntation for proximate composition and 
amino acid analysis. 
4.2.2.2 Molasses fish silage preparation 
Molasses tish silage was prepared by mixing minced sardine with molasses to have a 
mixture of fish to molasses of ~0:20 (w/w). then the same preparation method lc1r apple 
pomace fish silage as described above was klllowecl. 
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4.2.2.3 Formic acid fish silage preparation 
Minced sardine was mixed thoroughly with 3% (w/w) of f01mic acid in sterilized glass 
container. The treatment consists of three replicates, for each replicate, known equal 
weight of the mixture was placed in sterilized 200 ml hem1etic jar then sealed and 
incubated at 35°C for 7 clays. Samples were removed before and after acidification for 
proximate composition and amino acid analysis. 
4.2.2.4 Sulphuric acid tish silage preparation 
Minced sardine was preserved with 4% (w/w) sulphuric acid, followed the same 
procedure for formic acid tish silage preparation as described above. 
4.2.2.5 Formic+ Sulphuric acids fish silage preparation 
Minced sardine was preserved with 3.5% (w/w) mixture of formic and sulphuric acids 
with a ratio of 1.5: 2 w/w respectively, following the same procedure tor formic acid 
tish silage preparation as described above. 
4.2.3 Experiment 2: Effect of storage on composition and chemical characteristics 
of fermented fish silage 
4.2.3.1 Apple pomace fish silage preparation 
Apple pomace fish silage with ratio of 0.15 :I of apple pomace to minced sardine (5'X, 
total sugars) was prepared and the amounts of minced sardine and apple pomace were 
calculated using Pcarson Square method, a known weight of dried apple pomace, 
minced sardine and potassium sorbatc (0.05'Yu) were aseptically mixed thoroughly in 
sterilized glass containers, then inoculated with 5% (v/w) (5x I o'> cfu ml" 1) of a culture 
of L. p/antw"LIIII grown for I ~h in MRS broth and continuously aseptically mixed. The 
treatment consisted of three replicates. lor each replicate. 2 kg of the mixture was placed 
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in a sterilized screw-capped plastic jar of 3 kg capacity, sealed and incubated at 35"C for 
7 days. Fermentation jars were removed from the incubator and each jar distributed 
equally to four groups, each group consists of three replicates, for each replicate, 500 g 
of fish silage was placed in sterilized capped plastic jar of I kg capacity. The first, 
second, third and fourth groups were stored respectively at 15"C, 25"C, 35"C and 45"C. 
I 00 g of sample was removed ti·om each jar after 0, 7, 14, 21 and 30 clays storage within 
all the storage temperatures used. Each sample was divided into two portions; one 
portion was dried by an oven dry method at 80"C for 24 h and the other portion was 
dried by Edwarcls Super Modulyo Freeze Drier, Absolute Vacuum Services Ltd, UK. 
The oven dried sample was analyzecl for TVB-N and NPN; the freeze dried sample was 
analyzed for TBARS and FF A, while pH was determined on wet silage to investigate 
any changes in the chemical characteristics of fish silage after storage. Storage effect on 
fish silage composition was conducted by analyzing the proximate composition and 
amino acid content in an oven dried fish silage sample removed at clay 0 and after 
storage for 30 clays. 
4.2.3.2 Molasses fish silage preparation 
Molasses tish silage was prepared by mixing minced sardine with molasses to have a 
mixture of tish to molasses of 80:20 (w/w). then the samt:: preparation method for apple 
pomace fish silage as described above was followed. 
4.2.4 Proximate composition analysis 
Proximate composition of fish. apple pomace 2, molasses and tish silage tlll" moisturt::, 
protein, lipid and ash were determined as described in chapter 2 section 2.2.1. 
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4.2.5 Amino acids and free amino acids analysis 
Amino acids and free amino acids were analyzed by extemal private company (Degussa 
AG. Feed Additives, Animal Nutrition Services. 0.63403 Hanau, Gennany). Analysis 
were conducted using HPLC, ns replicates were pooled together, a single value per 
treatment was obtained nnd used. 
4.2.6 Determination of pH 
pH of fish silage was detem1ined ns described in chnpter 2 section 2.2.1.1. 
4.2.7 Determination of Total Volatile basis (TVB-N) 
TVB-N in fish silnge was detennined by the method described in the guideline 
methodology of Gerhardt equipment. I 0 g of dried tish silage was weighed into 750 ml 
round bottom flask. 2 g of magnesium oxide, a few drops ofantitoam silicone type and 
60 ml of distilled water were added. The flask was shnken vigorously and was put onto 
a Gerhardt Yapodest 40 steam distillation unit. 25 ml of 4% of boric acid (H 3B03 with 
'4.5' BDH indicator) was added into the receiver vessel, then the volntilc nitrogen was 
ste<Jmed into boric acid solution. The distillate was titrated with 0.1 M H,S04 and the 
TYN was calculated using the following fonnula: 
TYN mg/N/ I OOg = titrexO.OO 14x I OOx I 000 
Sample weight (g) 
4.2.8 Determination of Thiobarbituric Acid Reactive Substances (TBARS) 
TBARS in !ish silage were determined by the method described by Camcjo et al. ( 1998) 
0.1 g of freeze dried sample was weighed into a plastic centrifuge tube to which 5 ml of 
20 mmol/ L ofTris He! butTer (pl-17.4) was added. Then the mixture was homogenised 
by vortexing. Standnrds: 0.125, 0.0625, 0.03125, 0.01725 and 0.00862 mmnl of I, L 3, 
3-tctracthoxypropanc dissolved in phosph<~tc buffered saline (PBS) <Jt pH 7.4 were 
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prepared. Ten 111 of I mmol L' 1 of butylated hydroxytoluene (BHT) was added to each 
well of the microplate. 40 pi of homogenate, standard and blank (PBS) were added to 
appropriate wells in triplicate. 140 pi of PBS (pH 7.4) was added to each well to 
increase the volume up to 190 ~tl. 50 ~tl of 50% (w/v) trichloroacetic acid (TCA) was 
added to each well. Seventy five pi of 1.3% (w/v) of thiobarbituric acid (TBA) 
dissolved in 0.3% (w/v) NaOH was added to each well. The plate was covered with a 
sticky tape plate cover and was incubated at 60"C for I hr. The plate was cooled on ice 
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and then the absorbance firstly at 530 nm and then at 630 nm were read by (Optimax 
tunable microplate reader, Molecular Devices). The absorbance at 530 nm minus 630 
nm reading was corrected the absorbance for any turbidity on the plate. Samples were 
read off the calibration curve to give a concentration, and then this was expressed per 
mg ofTBARS in the initial volume of homogenate added. 
4.2.9 Determination of non-protein nitrogen (NPN) 
NPN in tish silage was analysed according to the method of Backhoff ( 1976) after some 
modifications were set up. To 2 g of sample I 0 m! of 20% (w/v) trichloroacetic acid 
was added to precipitate the protein. Samples were mixed for 30 seconds using a vo11ex 
mixer and centrifuged at 3000 rpm for I 0 min. Two ml fi·om the supcrnatnnt was 
pi petted into Kjeldahl digestion tube. Then I Kjeldahl catalyst tablet (3g K2S04, I 05 mg 
CuS04. 51·b0 and I 05 mg Ti02, BDH LTD UK), 3 drops anti foaming agent nnd I 0 m! 
of concentrated H2S04 were added. Digestion was conducted in a Gerhardt Kjeldathcrm 
digestion block which comprising of 40 position (Gerhardt Laboratory Instruments, 
Bonn, Germany) at I 05"C for 15 m in, the tcmpcrnturc was tht:n raised carefully to avoid 
foaming to 150"C f(lr a further I 0 min. to 200"C for I 0 m in, 225"C for I h, 300"C and 
finally to 380"C for 45 min. The digestion process was carried out on a Gcrhardt 
digestion block fitted with n scrubber unit (Gcrhardt Turbosog unit) in which acid fumes 
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was neutralized through a 15% NaOH . The cooled samples were distillated using a 
Gerhardt Yapodest 40 distillation unit where the sample was diluted with distilled water 
and neutralized with 37% NaOl-1. The librated ammonia in the sample was then trapped 
into 50 ml of 4% orthoboric acid (l-13B03 with '4.5' BOI-l indicator)) by automatically 
steam distillation. Then the distillate was titrated against 0.1 M H2S04. Blank and 
recovery (material with known nitrogen content for validation) were run. N PN content 
was calculated according to the following formula: 
NPN =(Sample titre (ml)- blank titre (ml)) x 0.2 x 14.007 x lOO 
Sample weight (mg) 
Where: 
14.007 = Molecular weight of nitrogen 
4.2.10 Determination of free fatty acids (FFA) 
Free fatty acid in fish silage was determined according to the method of Baker ( 1964) 
after some modifications were conducted. This colourimetric method originally used for 
detennining free fatty acids in vegetable oils used benzene as a solvent. Because 
benzene is a carcinogen, so many attempts were conducted on other solvents (i.c 
acetone and hexane). Hexane was found to be successful and used instead of benzene 
for oil extraction from ti-eeze dried silage and also as a solvent in the preparation of 
hexane-oil solution. Moreover, other attempts were perfom1ed to tind out the proper 
ratio of silage: hexane (2 g: I 0 ml, I g: I 0 ml and 2 g:20 ml) that gives the required 
volume of hcxanc-oil solution. The ratio of 2 g silage: 20 ml of hcxanc gave the 
required volume of hcxanc-oil solution. Two g of sample was weighed into a plastic 
centrifuge tube to which 20 ml of hexane was added. Samples were mixed for I minute 
using a vm1cx mixer. leti I(Jr 20 min I(Jr nil extraction and centrifuged at :WOO rpm lor 5 
min. Ten ml li·om the supernatant (hcxane-oil solution) was pipettcd into a lest tube 
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containing 2 ml 5% cupric acetate solution. The stopped tube was shaken vigorously by 
inverting at least 50 times. After the mixture was settled into two layers, the hexane 
layer was decanted into a colorimeter cuvette and the absorbance at 640 n111 was read. 
The colour of the silage oil samples ranged from light yellow to dark colour. This dark 
colour, found in some of the oil silage samples, did interfere with the absorbance 
measurement at 640 nm. The absorbance reading of the sample was taken before and 
after addition of cupric acetate solution and the difference was put in account. Hexane 
was used as a blank for adjusting the machine to 0.0 absorbance. A standard curve was 
prepared for each detenninationsfor the instrument tl·om cupric oleate solutions of 
known concentration. Table 4.1 shown the quantity of 0.03 M oleic acid in hexane to be 
diluted to I 0 1111 as an example of one detennination which represents selected m111ol 
oleic acid. The standard oleic acid and the hexane were pi petted into a test tube and 2 ml 
5% cupric acetate solution was added. The mixture was shaken as described above and 
the hexane layer was decanted into a colourimeter cuvette and the absorbance at 640 n111 
was read. Absorbances (Y) against mmol oleic were plotted and the standard curve was 
built using the tirst four readings which gave a straight line (tigure 4.1 ). The standard 
curves were then used to determine the concentration of oleic acid (111mol) in unknown 
samples and then calculated as percent FFA (%oleic acid). 
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Table 4.1: Amount of 0.03 M oleic acid in hexane, diluted to 10 ml, 












































































y = 0.0792x - 0.0427 
R1 = 0.9736 
8 10 12 
Figure 4.1: Example of standard curve prepared from cupric oleate solutions of known 
concentration used for determining the concentration of oleic acid (mmol) in unknown 
samples. 
4.2.11 Statistical analysis 
Data were analysed by analysis of variance (ANOV A, one way and general linear 
model), differences between means were determined using Tukey' s pa1rw1se 
comparisons test using the computer program Minitab Software, version 15. 
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4.3 RESULTS 
4.3.1 Experiment I 
4.3. I. I Proximate composition 
Proximate composition of whole sardine, apple pomace and molasses used in this 
experiment are reported in table 4.2. Proximate composition of whole sardine before 
and after fennentation and acidification were compared (table 4.3). Moisture, protein, 
lipid and ash content of whole sardine in apple pomace and molasses treatments were 
significantly decreased (P<0.05) after fem1entation except the ash content in the 
molasses treatment which was significantly (P<0.05) increased. lt was observed that the 
protein and lipid content of whole sardine in all acid treatments significantly decreased 
(P<0.05) after acidification. No significant differences (P>0.05) were recorded in ash 
content before and after acidification with respect to fonnic acid and formic+sulphuric 
acid treatments. However a signi ticantly decrease (P<0.05) was demonstrated in the 
sulphuric acid treatment. Asigniticant reduction (P<0.05) of the moisture content a tier 
aeidi tieation in the sulphuric acid and li.mnic+sulphuric acid treatments. On the 
contrary, a significantly elevation (P<0.05) was noted in formic acid treatment. 
4.3.1.2 Total amino acids 
Total amino acids content of whole sardine before and aticr fermentation and 
acidification were compared (tables 4.4 and 4.5, respectively). From table 4.4 it can be 
seen that total amino acids content of whole sardine a tier fermentation was dramatically 
decreased: by 16.47% li.1r apple pomace treatment and 18. 77"/o for molasses treatment. 
However, the total amino acids content of whole sardine alicr acidification was 
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recorded a slightly reduction, 3.05, 5.88 and 0.84% for fonnic acid, sulphuric acid and 
formic+ sulphuric acid treatments respectively (table 4. 5). 
4.3.1.3 Total free amino acids 
Fonnic acid and sulphuric acid treatments demonstrated an increase in total free amino 
acids content after acidification except a decrease was recorded in histdine and glutamic 
acids, in addition a slight decrease was observed in lysine in respect to sulphuric acid 
treatment (tigure 4.3). To the contrary, a decrease in total fi·ee amino acids after 
acidification was obtained except an increase was observed for histidine in respect to 
fonnic + sulphuric acid treatment (figure 4.3). Total free amino acids in apple pomace 
and molasses treatment were increased after fermentation except glutamic acid showed 
a slight decrease (tigure 4.4). 
Table 4.2: Proximate composition (Mean±SD, % w/w wet matter) of whole sardine, 
apple pomace and molasses used in the preparation of fermented and acid lish silage. 
Whole sardine Apple pomace Molasses 
Moisture 62.34±0.17 7.42±0.04 25.77±029 
Protein 16.66±0.26 3.81±0.13 5.03±0.07 
Lipid 15.10±0.09 1.2±0.1 0.0±0.0 
Ash 3.01±0.08 1.52±0.02 I 0.35±0.66 
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Table 4.3: Proximate composition (Mean±SD, % w/w wet matter) of whole sardine before and after fermentation with L. p/antarum and 
acidification with organic and mineral acids <Jt 35°C. 











<Jcid fish sila 'e 
Moisture 62.34±0.17" 57.95±0.336 58.47±0.13 5 63.53±0.266 60.28±0.21 5 60.62±0.146 
Protein 16.66±0.26" 13.49±0.13" 13.22±0.14h 16.31 ±0.09" 16.28±0.15h 16.11 ±0.27h 
Lipid 15.1 0±0.09" 13.59±0.1611 12.03±0.15" 14.36±0.09h 12.48±0.4 7h 13.46±0.27h 
Ash 3.0 I ±0.08" 2.53±0.0811 4.12±0.06h 2.86±0.05" 3.22±0.06" 3.15±0.06" 
Carbohydrate* 2.89 12.53 12.16 2.94 7.74 6.66 
*Carbohydrate was calculated by difference""' Values in the same raw with the same superscript arc not significantly different (P>0.05). 
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Table 4.4: Amino acid content(% w/w dry matter) of whole sardine before and 
after fem1entation at 35"C by L. plantarum. 
Amino acid Before After 
0/o Whole sardine APFS* MFS** 
Methionine 1.30 0.69 0.58 
Cystine 0.32 0.15 0.13 
Methionine+ Cystine 1.62 0.84 0.17 
Lysine 3.90 2.28 1.76 
Threonine 2.04 1.26 1.17 
Tryptophan 0.54 0.24 0.25 
Arginine 2.76 1.81 1.62 
Isoleucine 1.99 1.29 1.21 
Leucine 3.40 1.91 1.79 
Valine 2.33 1.56 1.44 
Histidine 1.84 1.17 0.98 
Phenylalanine 1.84 1.05 0.99 
Glycine 2.93 1.87 1.71 
Serine 1.93 0.96 0.92 
Proline 2.03 1.34 1.02 
Alanine 3.00 2.10 1.88 
Aspartic acid 4.42 2.95 3.13 
Glutamic acid 6.10 4.17 4.01 
Total (without NIB) 44.21 27.74 25.44 
Ammonia 0.67 0.64 0.66 
Total 44.88 28.38 26.1 
*Apple pomace fish silage. **Molasses fish silage 
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Table 4.5: Amino acid content(% w/w dry matter) of whole sardine before and 
after acidification at 35"C 
Amino acid Before After 
0/o Wholesardine FAFS* SAFS** F+SAFS*** 
Methionine 1.30 1.21 1.14 1.29 
Cystine 0.32 0.25 0.25 0.28 
Methionine+Cystine 1.62 1.46 1.39 1.57 
Lysine 3.90 3.68 3.46 3.83 
Threonine 2.04 1.86 1.72 1.97 
Tryptophan 0.54 0.36 0.34 0.38 
Arginine 2.76 2.70 2.41 2.74 
Isoleucine 1.99 1.92 1.81 2.05 
Leucine 3.40 3.00 3.04 3.42 
Valine 2.33 2.26 2.08 2.35 
Histidine 1.84 1.97 1.69 1.93 
Phenylalanine 1.84 1.64 1.62 1.82 
Glycine 2.93 2.80 2.52 2.85 
Se1ine 1.93 1.66 1.56 1.78 
Proline 2.03 1.45 1.37 1.60 
Alanine 3.00 2.90 2.65 2.98 
Aspartic acid 4.42 4.35 3.96 4.50 
Glutamic acid 6.10 6.01 5.39 6.12 
Total (without NH3) 44.21 41.16 38.33 43.37 
Ammonia 0.67 0.70 0.63 0.73 
Total 44.88 42.16 38.96 44.1 
*FAFS: Fonnic acid fish silage**SAFS: Sulphuric acid fish silage. 
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4.3.2 Experiment 2 
4.3.2.1 Proximate composition 
Proximate composition of whole sardine, apple pomace and molasses used in this 
experiment are displayed in table 4.6. No significant (P>0.05) differences were 
observed when the proximate compositions of apple pomace tish silage were compared 
before and after 30 days storage at 15"C, 25°C and at (35°C ,45 °C ) in respect to fat 
content. However, a significant (P<0.05) increase in protein and ash content, decrease in 
moisture content at 35°C and 45 °C was recorded (table 4.7). 
Table 4.6: Proximate composition (Mcan±SD, % w/w wet matter) of whole sardine, 
apple pomace and molasses used in the preparation of apple pomace and molasses tish 
silage of storage experiment. 
Whole sardine Apple pomace Molasses 
Moisture 69.39±0.69 7.42±0.04 25.77±029 
Protein 16.15±0.04 3.81±0.13 5.03±0.07 
Lipid 7.53±0.81 1.2±0.1 0.0±0.0 
Ash 2.90±0.06 1.52±0.02 10.35±0.66 
No significant (P>0.05) difTcrcnccs were demonstrated when the proximate 
compositions of molasses fish silage were compared bet(xc and alter 30 days stor<~gc at 
15"C, 25°C, 35°C and 45°C in respect to t~ll and moisture content, <~part that a 
significant (P<0.05) decrease was noted in moisture content at 45°C. On the other hand 
significant (P<0.05) increases in protein and ash at IS"C. 25°C, 35°C and 45°C were 
reported (table 4.8). 
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4.3.2.2 Total amino acids 
Total amino acids of apple pomace and molasses fish silage did not change during the 
storage at all temperatures used, other than for tryptophan and leucine decreased as the 
storage temperature increased (tables 4.9 and 4.1 0). 
4.3.2.3 Total free amino acids 
Total free amino acids in apple pomace and molasses fish silages increased during the 
storage at all temperatures used except that for methionine and histidine which 
decreased (tigures 4.5 and 4.6). 
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Table 4.7: Proximate composition (Mean ±SO,% w/w wet matter) of apple pomace fish silage before and after 30 days storage at 
15"C, 25°C, 35°C and 45°C. 
30 days storage at 
Start 
Moisture 63.00±0.59" 62.81±0.68" 63.21±0.84" 61.41±1.18 60.03±1.40 
Protein 13.44±0.13" 13.49±0.09" 13.35±0.13" 14.07±0.19h 14.46±0.25b 
Fat 7 .98±0.30" 7.54±0. 75a 8.13±0.67" 8.39±0.97" 8.59±0.91" 
Ash 2.53±0.09" 2.55±0.11 a 2.53±0.11 a 2.63±0.08h 2. 77±0.09b 
Carbohydrate' 13.05 13.61 12.78 13.5 14.15 
*Carbohydrate was calculated by difference. a Values in the same raw with the same superscript are not significantly different 
(P>0.05). 
Table 4.8: Proximate composition (Mean ±SO, 'Yo w/w wet weight) of molasses fish silage before and after 30 days storage at 
l5°C. 25°C 35°C and 45°C. 
Start I5°C 
Moisture 62.53±0.45a 62.59±0.71" 
Protein 12.53±0.13" 12.84±0.1 ob 
Fat 7.60±0.54a 7.57±0.43a 
Ash 3.74±0.05a 3.90±0.05b 
'" CarbohYdrate 13.60 13.10 
*Carbohydrate was calculated by difference. '"Values in 
(P>0.05). 
the 
30 days storage at 
25°C 35°C 45°C 
62.79±0.70a 61.93±1.44a 61.05± 1.02' 
12.71±0.19b 13.13±0.48b 13.33±0.39° 
7.60±0.32a 7.44±0.46a 7.96±0.52" 
3.86±0.05h 4.00±0.09b 4.26±0.13h 
13.04 13.5 13.40 
same raw with the same superscript are not significantly different 
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Table 4.9: Amino acid content(% w/w dry matter) of apple pomace fish silage before 
and after 30 days of storage at 35°C, 25"C, 15"C and 45"C. 
Amino acid Start 30 days storage at 
0/o l5"C 25"C 35"C 45"C 
Methionine 0.97 0.97 0.96 0.98 0.93 
Cystine 0.21 0.18 0.17 0.17 0.17 
Methionine+ Cystine 1.18 1.15 1.13 1.15 1.1 
Lysine 3.08 2.98 2.96 2.93 2.92 
Threonine 1.5 1.53 1.54 1.54 1.51 
Tryptophan 0.28 0.22 0.19 0.17 0.14 
Arginine 2.2 2.17 2.16 2.16 2.13 
Isoleucine 1.63 1.6 1.59 1.62 1.58 
Leucine 2.61 2.57 2.5 2.4 2.25 
Valine 1.87 1.84 1.84 1.86 1.85 
Histidine 1.26 1.26 124 1.24 1.22 
Phenylalanine 1.3 1.3 1.26 1.27 1.2 
Glycine 2.23 2.2 2.2 2.2 2.16 
Serine 1.11 1.15 1.15 1.16 1.13 
Proline 1.58 1.56 1.52 1.55 1.54 
Alanine 2.3 2.3 ? ' __ .) 2.31 2.3 
Aspartic acid 3.45 3.48 3.49 3.5 3.45 
Glutamic acid 4.7 4.68 4.69 4.72 4.66 
Total (without NH3) 33.39 33.14 32.87 32.95 32.26 
Ammonia 0.65 0.61 0.62 0.65 0.69 
Total 34.04 33.75 33.49 33.6 32.95 
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Table 4.10: Amino acid content (% w/w dry matter) of molasses fish silage before and 
after 30 days of storage at I5°C, 25°C, 35"C and 45"C. 
Amino acid Start 30 days storage at 
0/o 15"C 25"C 35"C 45"C 
Methionine 0.81 0.82 0.8 0.79 0.76 
Cystine 0.2 0.17 0.17 0.16 0.16 
Methionine+ Cystine 0.99 0.96 0.94 0.92 
Lysine 2.73 2.71 2.68 2.65 2.68 
Threonine 1.39 1.4 1.42 1.39 1.42 
Tryptophan 0.31 0.28 0.25 0.21 0.18 
Arginine 1.93 1.96 1.94 1.9 2 
Isoleucine 1.45 1.46 1.43 1.44 1.45 
Leucine 2.36 2.33 2.21 2.08 2.07 
Valine 1.68 1.69 1.68 1.7 1.72 
Histidine 1.16 1.14 1.14 1.12 1.12 
Phenylalanine 1.22 1.2 1.19 1.13 1.13 
Glycine 1.99 2.04 2.02 2 2.04 
Serine 1.02 1.03 1.03 1.01 1.08 
Proline 1.41 1.42 1.42 1.38 1.34 
Alanine 2.1 2.13 2.13 2.22 2.22 
Aspartic acid 3.65 3.68 3.67 3.6 3.88 
Glutamic acid 4.33 4.33 4.33 3.74 4.52 
Total (without NH3 ) 30.79 30.83 30.56 29.55 30.85 
Ammonia 0.64 0.65 0.66 0.7 0.73 












Free amino acids 
• Day 0 • I5°C (30 days) • 25°C ( 30 days) • 35°C (30 days) • 45°C (30 days) 
Figure 4.4: Total tree amino acids conten (% of total individual AA) of apple pomace fish 
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Free amino acids 
• Day 0 • I5°C (30 days) 25°C (30 days) • 35°C (30 days) • 45°C (30 days) 
Figure 4.5: Total free amino acids content(% of total individual AA) of molasses fish silage 
before and after 30 days storage at I5°C, 25°C, 35°C and 45°C. 
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4.3.2.4 pH 
There were significant temperature x time interactions (P<0.05) and significant 
(P<0.05) time effects in relation to pH values of apple pomace and molasses fish silage 
treatments (tables 4.11 and 4.12). Significant (P<0.05) temperature effect was observed 
in pH values for apple pomace fish silage. The pH values of apple pomace fish silage at 
clay 30 of storage for l5°C and 25°C did not significantly decrease (P>0.05) when 
compared to day 0, while the samples stored at 35"C and 45°C did show significant 
(P<0.05) decreases. A significant (P<0.05) temperature effect was recorded in pH 
values for molasses fish silage at day 21 and day 30, whilst no temperature effect was 
observed at 7 and 14 days of storage, The pH values of molasses fish silage at day 30 of 
storage tor I5°C and 45°C did not significantly decrease (P>0.05) comparing to clay 0, 
whlist the samples stored at 25"C and 35°C had a significant (P<0.05) decrease. 
4.3.2.5 NPN 
Results of NPN presented that temperature x time interactions were not significant 
(P>0.05) in affecting the NPN value of the apple pomace tish silage treatment (table 
4.11 ). However, there was a significant (P<0.05) time effect on NPN for apple pomace 
tish silage. Day 0 samples were noticeably lower (P<0.05) compared to day 7, 14, 21 
and 30 samples. While no significant differences (P>0.05) were observed between all 
the other storage times evaluated, there was a significant (P<0.05) temperature effect 
observed in NPN value for apple pomace tish silage samples. Samples stored at 15 oc, 
25°C and 35°C gave significant differences (P<0.05) compared to samples stored at 
45°C while no signi fie ant di fferenccs ( P>0.05) were observed between the other 
temperatures tested. 
Temperatures x time interactions of NPN were not significant (P>0.05) ti1r molasses 
fish silage treatment (Table 4.12). There was a significant (P<0.05) time effect of NPN 
102 
for molasses fish silage. Day 0 samples were significantly different (P<O.OS) compared 
to day 7, 14, 21 and 30. While day 7 samples were significant differences (P<O.OS) to 
day 14 and 30. Also, day 14 and 21 demonstrated significant differences (P<O.OS) 
compared to day 30. A significant (P>O.OS) temperature effect was also observed in the 
NPN value for molasses fish silage. Samples stored at I5°C were significant (P<O.OS) 
compared to those stored at 45°C. Whilst no significant differences (P>O.OS) were 
observed between other experimental temperatures monitored. 
4.3.2.6 TVB-N 
Temperature x time interactions were observed to be significant (P<O.OS) for TVB-N in 
apple pomace fish silage treatment (table 4.11 ). There was a signiticanl (P<O.OS) time 
effect of TVB-N for apple pomace fish silage stored at 25°C, 35°C and 45°C whilst at 
IS"C this was not significant (P>O.OS). There was an increase (P<O.OS) in TVB-N 
values for apple pomace fish silage during day 7 of storage at 25°C, 35°C and 45°C, 
which did not significantly change until day 30 at 25°C, 35°C and until day 21 then 
signiticantly increased during day 30 at 45°C. However no increase (P>O.OS) ofTVB-N 
was observed in e1pplc pomace tish silage samples stored at IS"C throughout the storage 
period. A signiticant (P<O.OS) temperature effect was observed with the TVB-N in 
apple pomace fish silage. Apple pomace !ish silage sample stored at 45°C had higher 
(P<0.05) TVB-N than samples stored at I5°C. 25°C and 35°C. 
Temperatures x time interactions of TVB-N were not signi ticant (P>0.05) !\1r molasses 
fish silage treatment (table 4.12). Significant (P<O.OS) time efTect was observed for 
molasses fish silage treatment. Day 0 samples were highly significant differences 
(P<0.05) compared to day 7, 14, 21 and 30. Where as day 7 samples were highly 
signi licant di fTercnces ( P<O.OS) compared to day 21 and 30. However no signi ticant 
ditTercnces (1'<0.05) were rccorcled between the rest of the incubation time. No 
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significant (P>0.05) temperature effect was observed within all the storage temperatures 
used for molasses fish silage treatment. 
4.3.2.7 TBARS 
Oxidative rancidity in tish silage was investigated during storage and expressed in terms 
of TSARS values. Results showed that temperature x time interactions were not 
signiticant (P>0.05) in TSARS value of apple pomace fish silage treatment (table 4.11 ). 
There was, however, a signiticant (P<0.05) time effect of TSARS value for apple 
pomace fish silage. Day 0, 7, 14 and 21 samples yielded highly signiticant differences 
(P<0.05) compared to day 30. However no signiticant differences (P<0.05) were 
recorded between the rest of the storage times tested. No significant (P>0.05) 
temperature effect was observed in TSARS value for apple pomace fish silage within 
all the storage temperatures used. 
Temperature x time interactions were observed to be significant (P<0.05) in TSARS 
values of molasses tish silage treatment (table 4.12). There was a significant (P<0.05) 
time effect in TSARS value for molasses tish silage stored at I5°C 25°C whilst at 35"C 
and 45°C it was not significant (P>O.OS). There was an increase (P<0.05) in TSARS 
value for molasses lish silage stored at I5°C l()r day 21 which significantly (P<O.OS) 
increased at day 30. However a significant (P<0.05) increase was recorded after 30 days 
or storage at 25°C. 
There was significant (P<O.OS) temperature effect was observed in TBARS value for 
molasses lish silage samples at day 30 with significantly (P<0.05) higher value 
registered t(x I5°C compared to samples stored at 25°C 35°C and 45°C.Whilst no 
temperature effect was observed at day 7, 14 and 21 of storage. 
104 
4.3.2.8 FFA 
Results showed that temperature x time interactions were not significant (P>0.05) in 
FFA values of apple pomace fish silage treatment (table 4.11 ). There was a significant 
(P<0.05) time effect of FFA value for apple pomace fish silage samples. Day 0 samples 
were significant differences (P<0.05) compared to day 14 and 21 where as day 7 
samples were highly significantly different (P<0.05) from day30. Also, highly 
significant differences (P<0.05) were recorded between day 14 samples and day 21. 
Furthennore, highly significant differences (P<0.05) were demonstrated between day 21 
and day 30. No signi ficanl (P>0.05) temperature effect was observed in FFA value for 
apple pomace fish silage within the storage temperatures used. It was noted that FFA 
content decreased as storage time increased then showed increased at day 30. 
Temperature x time interactions were observed to be significant (P<0.05) in FFA values 
of molasses fish silage treatment (table 4.12). 
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Table 4.11: Chemical char<lCtcristics or <1pple p0111<1CC tish silage stored at l5°C, 25°C, 35°C and 45°C. 
Pnramcter Storage Storage time 
temperature (days) 
(wet weiuht) 0 7 14 
pll I5°C 4.06" - 3.96" --'3.96" 
25°C 4.06" "3.96" 8 3.85° 
35°C 4.011" B4.07" All3.95° 
45°C 4.011" "3.92" .-\ll3.95" 
SH.-1 0.02 0.02 0.02 
!'-value >0.05 <0.05 <0.05 
N PN (g/1 OOg tutai-N) I5°C 48.10 55.30 56.66 
25°C 48.10 56.73 56.84 
35°C 48.10 56.20 59.63 
45°C 48.10 64.74 66.83 
SEM 1.99 1.99 1.99 
P-valuc 
I5°C 51.59 '59.27 - 59.47 
25°C 51.59" "60.37b "60.11° 
TVB-N (mg N/IOUg) 
35°C 51.59" "58.15"b "64.36"' 
45°C 51.59" "71.59b ll75.98° 
SEi\•1 1.58 158 1.58 
P-valuc >0.05 <0.05 <0.05 
TBARS (mg MA/kg) I5°C 81.5 I 92.85 99.68 
25°C 81.51 93.21 I 02.66 
35°C 81.51 102.02 82.18 
45°C 81.51 79.25 71.91 
SEM 9.76 9.76 9.76 
!'-value 
FFA ('Y., nll'ic acid) 15°C 3.99 2.98 1.75 
25°C 3.99 3.31 1.10 
35°C 3.99 1.40 1.26 
45°C 3.99 3.22 1.42 



































































"' Signilicanl difiCrence (P<0.05) between means bearing difh:rent letters in the same row.' 
different letters in the smne column and parameter* Interaction P-Value. 
Significant difference (P<O.OS) between means bearing 
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Table 4. 12: Chemical characteristics or molasses fish silage stored at !5°C, 25°C, 35°C and 45°C. 
Parameter SLOrage Storage time 
temperature (days) 
(wet weight) 0 7 14 P-Yalue 
pi I I5°C 4.39il 4.3" 4.31"' <0.05 
25°C 4.39" 4.2i' 4.24° <0.05 
33°C 4.39" 4.29" 4.27b 8 4.41" <0.05 
45°C 4.39" 4.26" 4.32"" ,\(4.32"" <0.05 
SEfvl 0.02 0.02 0.02 0.02 
P-value >0.05 >0.05 >0.05 <0.05 <0.05 <0.05* 
NPN (g/HIO g total-N) I3°C 43.73 46.66 49.4 3 48.24 48.26 
25°C 43.73 45.55 48.77 50.64 52.96 
35°C 43.73 47.42 51.46 48.80 54.31 
45°C 43.73 49.24 52.17 49.52 59.17 
SErvl 1.5 1.5 1.5 1.5 1.5 
P-valuc >0.05* 
TVB( rng/ I OOg) t5°C 44.53 52.17 56.08 58.48 58.46 
25°C 44.53 53.04 56.48 59.47 58.24 
35°C 44.53 54.07 58.73 61.72 63.68 
45°C 44.53 54.77 54.72 55.20 58.21 
SEfvl 1.92 1.92 1.92 1.92 1.92 
P-value >0.05* 
TBARs(mg i\·IA/kg) I5°C 82.55" 123.62"' 130.49" 163.45 "249.99' <0.05 
25°C 87 - _, __ )) I 06.57"" 99. 73"" 131.16"" 8 151.65° <0.05 
35°C 82.55 113.22 86.66 117.42 "143.97 >0.05 
45°C 82.55 78.66 108.69 124.42 "92.96 >0.05 
SEtvl 12.85 12.85 12.85 12.85 12.85 
P-valuc >0.05 >0.05 >0.05 >0.05 <0.05 <0.05* 
FFA('Y,, oldc acid) I5°C 4.11 5.17 6.71 4.98 6.69 >0.05 
25°C 4.1 I"" 0.87" 4.98"" 7.06" 6.88" <0.05 
35°C 4.11 "" 1.30" 2.96" 5.43"" 7.58" <0.05 
45°C 4.11 3.14 3.29 4.15 6.48 >0.05 
SEtvl 0.82 0.82 0.82 0.82 0.82 
!'-value >0.05 >0.05 >0.05 >0.05 >0.05 <0.05* 
"'Significant diiTerencc (P<0.05) between means bearing different letters in the same row. Significant difference (P<0.05) between means bearing different 
letters in the same column and parameter. "Interaction P-Value. 
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There was a significant (P<0.05) time effect of FFA value for molasses fish silage 
samples stored at 25°C and 35°C. Day 7 samples produced significant differences 
(P<0.05) compared to day 21 and 30, day 30 at 25°C and 35°C respectively. No 
significant (P>0.05) temperature effect was observed in FF A value for molasses fish 
silage within all the storage temperatures evaluated. It was observed that FFA content 
decreased in the first seven days of storage then elevated until reached the highest at day 
30. In general, no clear trends were observed in both fish silage processes. 
4.4 DISCUSSION 
4.4.1 Experiment I 
4.4.1.1 Proximate composition 
Decreases in the chemical composition (moisture, protein, lipid and ash) of whole 
sardine (P<0.05) after fem1entation in apple pomace and molasses treatments were 
attributed to the addition of apple pomace and molasses as a carbohydrate source for 
Lactobacillus planwmnt and lactic acid bacteria culture which had a dilution effect on 
the fractions in the final product. Similar results were also obtained by Hassan and 
Heath ( 1986); Fagbenro and Jauncey ( 1995a) and Vidotti et al. (2003) tor fennented 
!ish silage. In contrast, the ash content in the molasses silage preparation increased 
(P<O.OS), attributable to the high ash content or the molasses (I 0.35%) used in the 
fennentation, which was higher than the ash content in the whole sardine used (3.0 I%). 
Reduction in protein and lipid content (P<O.OS) 111 whole sardine alier acidification in 
respect or all acid treatments was attributed to the dilution effect of the acids used. This 
result agreed with Vidotti et al. (2003) who !(HIIld that the protein content of acid fish 
silage was lower than the protein content of whole fish used in the preparation or silage. 
The protein content of acid tish silage was higher than the fem1cntcd tish silage, which 
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is practically the same as raw material. Similar results were reported by (Yidotti et al., 
2003). 
4.4.1.2 Total amino acids 
The noticeable decrease of total amino acid content in whole sardine after fem1entation 
in apple pomace and molasses treatments is attributable to a decrease in protein content 
which was accounted for by the dilution effect of the carbohydrates added. On the other 
hand the slightly decrease in total amino acids observed after aciditlcation within all 
acid treatments, could be attributed to the decrease in protein contents after acidification 
which were considerably smaller than in fem1ented treatments. The present study's 
results with respect to valine, isoleucine and leucine agreed with those of Yidotti et al. 
(2003) tlndings who observed a decrease in valine, isoleucine and leucine in fem1ented 
and acid silages, which they attributed to the chemical reactions between a amino and 
aldehyde groups present in amino acids occurred during ensiling. However, 
contradictory results were obtained by Hassan & Heath ( 1987) who observed increases 
in amino acid content as a result of lermentation clue to chemical and physical changes 
occurring during fermentation. 
4.4.1.3 Total free amino acids 
Increases in total free amino acids in whole sardine atier t'ennentation in respect to 
apple pomace and molasses treatments and aticr aciditlcation in respect of f(mnic and 
sulphuric acid treatments arc attributed to protein degradation during the hydrolysis 
process by the digestive enzymes which are naturally present in tish gut (Raa & 
Gildberg, 1982). The rate of protein hydrolysis of molasses tish silage in this study was 
the highest among all the treatments conducted. which is in contrast to the results of 
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.lames et al. (1977) and Kompiang et al. (1980) who found that the degree of protein 
digestion in fennented fish silage was significantly lower compared to acid fish silage. 
The rate of autolysis of f01mic+sulphuric silage was found to be lower than fonnic acid 
silage due to pH difference in the media which was 3.89 and 2.40 in formic acid and 
fom1ic+sulphuric acid silage respectively. The activity of protease enzymes of sardine 
gut is affected by a pH of 2-4 (Shahidi & Janak-Kamil, 200 I), and these enzymes have 
their own pH optima where the activity is maximum. Consequently, this has important 
impacts on the rate of autolysis in the silage manufacturing process. A similar result was 
obtained by Raa & Gildberg ( 1976) who observed that the rate of autolysis of cod 
viscera silage was lower at pH 3 than at pH 4. Also it was reported that fonnic acid 
herring silage demonstrated higher autolysis rate at pH 4 than fom1ic + sulphuric acid 
hen·ing silage at pH 3.1 and the degree of autolysis was influenced by pH rather than the 
type of acid used (Raa & Gildberg, 1982). 
It was evident that the ensilage of sardine produced a significant elevation in the levels 
of fi-ee amino acid (FAA) compared to the native sardine. These FAA protlles represent 
the percentage of FAA relative to the total amino acids (TAA) determined for the 
respective products. T AA was determined for the complete amount of amino acid 
present in the material as protein. However FAA was determined to elucidate the degree 
of degredation of protein as soluble amino acid. These have physiological important to 
protein digestion and utilization in fish. 
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4.4.2 Experiment 2 
4.4.2.1 Proximate composition 
Increases in protein and ash content a tier storage for 30 days at 35°C and 45°C of apple 
pomace tish silage were attributed to the decrease in moisture content due to the 
condensation that occuiTed inside the fem1entation container. A significant (P<0.05) 
increase in protein and ash content of molasses fish silage storage ti)r 30 days at 15"C, 
25°C, 35°C and 45°C was attributed to the decrease in carbohydrate content which was 
already utilized during the storage period (Dapkevicius cl al., 1998), and in addition the 
extra moisture content in respect to the treatment stored at 45°C. 
4.4.2.2 Total amino acids 
There was no apparent change in total amino acids levels except tryptophan and leucine 
during storage of apple pomace and molasses si I ages within all temperatures studied. 
This agrees with the results obtained by Hassan & Heath ( 1987) and Dapkevicius cl al. 
( 1998). Decreases in tryptophan as a result of an increase in storage temperature 
recorded in this study in both stored fermented tish silages conform to the work of 
Backhoff ( 1976) who found that tryptophan decreased by 30'X, in herring acid fish 
silage stored f(x 40 days at 30"C. However only 9'Vo was lost at 15"C and no reduction 
was recorded at 5"C. Similar results were obtained by Yoon e1 al. ( ll)l)7b) who found a 
reduction by 30% and 5% of tryptophan in acid and fermented sh:ipjack tuna viscera 
silage respectively aticr storage for 42 days at 35"C comparing with raw skipjack tuna 
VISCera. 
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4.4.2.3 Total free amino acids 
Total free amino acids were elevated during storage of apple pomace and molasses fish 
silages within all temperatures tested due to protein hydrolysis. Analysing the degree of 
hydrolysis in fish silage is essential when it is used in tish diets, thus it was reported that 
the de~:,>Tee of hydrolysis has substantial intluences upon the usage of tish silage protein 
by salmonid fish (Jackson er al., 1984; Espe et al., 1992). 
4.4.2.4 pH 
The pH values of apple pomace and molasses fish silages during storage within all 
treatments were less than 4.5, which was sufficiently low to maintain a successful 
fermentation (Raa & Gildberg, 1982). 
4.4.2.5 NPN 
There was an increase (P<0.05) in non protein nitrogen (NPN) as the storage time of 
silage material increased. Samples stored at higher temperatures increased more rapidly 
in NPN than those stored at lower temperatures in hoth lish silages. A similar trend in 
fermented and acid tish silage was reported hy Tatterson & Windsor ( 1974 ); Lindgrcn 
& Plcjc ( 1983); Hassan & Heath ( 1987); Faghenro & Jauncey ( 1993a) and (Hasan, 
2003), although the concentration over a similar period, 30 days of storage at 35"C, in 
this study was slightly higher, (56.27-58.95'%) and (53.62-5474'%) in apple pomace and 
molasses tish silage respectively, as compared to 45-SO'X, in the previous work of 
Fagbenro & Jaunccy ( 1993a) using fermented talipia silage. However higher NPN 
concentration (>50"!.•) over a similar period of !Crmentation and temperature were also 
reponed tor sprat silage (Tattcrson & Windsor, 1974), l()r cod llesh and gut based silage 
(BaekhotT 1976) and also lor solelish and silver bellies silage (.lames cl al., 1977) for 
Baltic herring (Lindgren & Plcje, 1983), ll.>r trout (1-lassan & Heath, 1987) and more 
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recently for short-bodied mackerel (Hasan, 2003). The differences found may be 
attributed mainly to the variation in enzymatic activity between species (Fagbenro & 
Bello-Olusoji, 1997). lt was found that protein degradation in fermented fish silage was 
lower compared to acid tish silage. In acid tish silage, NPN concentration may reach 
levels of 70-90% depending on storage period and temperature and the increase in NPN 
associated with the change in consistency, means more liquefaction could result 
(Tatterson, 1982; Batista, 1987). Hasan (2003) reported that this difference was clue to 
adsorption of enzymes and protein by carbohydrate in fennentecl tish silage, which may 
prohibit their interaction. 
4.4.2.6 TVB-N 
lt was revealed from this study that total volatile bases (TVB-N) values increased in 
apple pomace and molasses fish silage as storage time increased. This finding agreed 
with other investigations which employed fermented and acid tish silage prepared from 
different marine and fresh wuter tishes such as, sardine, mackerel, hen·ing, blue whiting, 
tuna, trout and carp (Hassan & Heath, 1987; Haaland & Njaa, 1989; Ahmed & 
Mahenclrakar, 1996; Fnid et al., 1997; Yoon et al., 1997a; Dapkevicius et al., 1998; 
Gelman et al., 2001: Dapkevicius et al.. 2007; Nclaw et al., 2008). 
The concentrations of TVB-N in stored apple pomace and molasses tish silage (51.59 -
90.39 and 44.53 - 63.68 mg I 00 { 1 ) respectively obtained fi·om this study was found to 
be higher or less than the results obtained tl·om other studies. It should be mentioned 
that Ndaw et al. (2008) recorded nn increase in TVB-N from 11.25 mg I 00 g- 1 in raw 
Moroccan sardines fillets (Sardina pilclwrdus) to 36.31 mg I 00 g· 1 in stored fennentcd 
sardine f(x 21 days at :l0°C while in control samples (non inoculated) the concentration 
reached 118.74 mg I 00 g· 1• Previously Faid et al. ( 1997) found an increase in TVB-N to 
132 mg/ I DOg in stored fermented sardine wastes tl)r 15 days at 22°C, sta11ccl with raw 
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mate1ial including viscera, heads and tails of Moroccan sardines (Sardina pilchardus) 
contained 71.26 mg I 00 g-1 of TVB-N. Also it was found that fennented blue-jack 
mackerel showed an increase in TVB-N from 8-14 mg I 00 g- 1 at day 0 to 50-80 mg I 00 
g- 1 after 21 days storage at 37°C (Dapkevicius et al., 2007). Fermented skipjack tuna 
wastes showed an increase in TVB-N from an initial value of 61.9 mg I 00 g- 1 to final 
value of 155 mg I 00 g- 1 after storage for 42 days at 35°C (Yoon et al., 1997a). TVB-N 
in the apple pomace fish silage was largely temperature-dependent as the TVB-N 
increased rapidly at higher temperatures which also a!,rreed with the data of Hassan & 
Heath ( 1987). These latter workers observed higher TVB-N values in fish silage 
samples stored at 37"C than samples stored at ambient temperature. The increase in 
TVB-N observed in this study could be attributed to autolytic enzymes, deamination 
and lactic acid bacteria activity and is not to be related to bacterial spoilage activity. 
These are also the recent studies by Dapkevicius et al. (2007) and Ndaw et al. (2008). 
Although TVB-N observed in this investigation exceeded the permissible level of35 mg 
TVB-N I 00 g- 1 fish flesh specified by the EC guidelines (Commission Decision 
95/ 149/EC, 1995). However it is di fticult to establish acceptability limits for TVB-N 
especially for httty fish due to intluenced of TVB-N value by species, sex and age of 
tish: season and tishing area. 
4.4.2.7 TBARS 
It was observed thnt the incrense in Thiobarbituric Acid Reactive Substances (TBARS) 
values of tish silnge obtained in this study agreed with other studies results (Ahmed & 
Mahendrnknr, 1996; Fagbenro & Jauneey, 1998; Ndaw et al., 2008). TBARS values in 
heezc-dried apple pomace and molasses tish silage in this current study were much 
higher (81.51 and 82.55 mg MA kg· 1 as wet weight. respectively) compared with the 
results of Ndaw e/ al. (2008), who found that TBARS in freshly fermented sardine was 
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4.02 mg MA kg·' which is under the maximum proposed TBARS for a good quality 
tlsh, 5 mg MA kg·' proposed by Schom1iiller ( 1969). Such a high level of TBARS 
values were attributed to the effects of the lyophilization process and the refrigerated 
storage of the samples before analysis and this interpretation was supp01ied by Dong et 
al. ( 1993) who found that TBARS values in freeze-dried and drum-dried fennented 
salmon viscera silages showed a ten-fold increase over that in wet silages. Thus, both 
drying methods subjected fish silage to oxidative conditions. The results indicated 
clearly that fish silage is prone to oxidative rancidity and therefore it is necessary to add 
a chemical antioxidant to maintain stability. The addition of 250 ppm of lipid 
antioxidant, ethoxyquine was effective in inhibiting lipid oxidntion in tlsh silage during 
storage as found by Fagbenro nnd Jauncey ( 1998). This technique was also used in this 
study with fish silage which wns prepared for the feeding trial experiment (chapter SA 
section 5A.2.5). 
4.4.2.8 FFA 
The ti·ee fatty acids FFA content increased with storage up to a maximum of 5.13% and 
7.58% in apple pomace and molasses tish silage respectively aticr 30 days as a result of 
lipolysis, is less than rcpo1icd by Tatterson & Windsor ( 1974) who found that the FFA 
level of sprat silage stored at 23°C increased from 6 to 18'Yo over 80 days. This is 
considered to be low compared with increases of 13.9-32.8% observed by Hassan & 
Heath (1987) in stored fermented trout silage for 35 days at 37"C. The reduction of the 
initial FFA value during the storage in both silagcs may have been due to the oxidation 
of FFA which was clearly observed in the samples that had an increase in TBARS 
value. Recce ( 1980) reported that increases in FFA content in sprat 1ish silage were 
pmiially attributed to the breakdown of the triglyccricles aticr acidification. as the 
optimum pH tor lipase was 4.6. In another study this investigator indicated that much of 
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the initial FF A was present in fish gut before the acidification and the increases in FFA 
in oils from oily fish were associated with the FFA that came from solid material during 
liqufication of the fish (Recce, 1981 ). The FFA value obtained in this study seems to be 
a little higher than the ideal, which should be 3% or less in a high quality oils (Tatterson 
& Windsor, 1974). The results clearly show that oil must be removed or addition of 
antioxidant is required. 
Fennented sardine silage produced in this experiment was stable during fermentation 
and stomge apm1 from some chemical changes occUJTed in the oil quality which could 
be treated. Thus, this study has provided basic information for the next phase of this 
programme of work. This involved a detailed examination of the potential for including 
fennented fish silage in diet fomlUlation for the European seabass. 
Experiments were conducted with both types of tish silages using apple pomace and 
molasses as the substrate for fermentation. Acid fish silage was also tested as a 
reference or control treatment. 
The following chapters describe etlccts on growth performance, feed efficiency and 
utilization. Addition of general health and affects on gastrointestinal morphology is 
addressed together with the digestibility and palatability of various tish silages for this 
important marine lish species. 
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CHAPTER SA 
Partial replacement of fish meal in European sea bass 
diets using fermented fish silage: 




Fish meal has been recognized as a major ingredient in fom1ulated feeds for fish in 
aquaculture, but alternative sources of protein are increasingly being sought as fish meal 
availability decreases and prices escalate. For this reason many studies have been 
conducted to replace or decrease fish meal incorporation in fish diets using cheaper 
altcmativc plant and animal protein sources (Cruz-Suarez el al., 2007; Gatlin e/ al., 
2007; Li el al., 2009; Nguyen el al., 2009). One such practical alternative is fish silage 
which has been widely utilized as a feed ingredient for many types of tish and 
crustacean species in earlier work (Arruda el al., 2007). Fish silage whether fem1cnted 
or acid preserved has been found to be as good as or even superior to other protein 
sources such as tish or soy bean meal (Raghunath & Gopakumar, 2002). Sun, el al., 
(2007) found that fennented fisheries by-products and soybean curd residues mixtures 
could replace up to 30% tish meal in juvenile olive tlounder diets. Previously, Fagbenro 
& Jauncey, ( 1994) and Fagbenro & Jauncey, ( 1998) demonstrated no significant 
differences in growth and protein utilization in tilapia and catfish fed fermentativc tish 
silage diets when compared to fish meal bnsed diets. It has been indicated thnt using 
tl·ceze dried acid fish silage (4% fonnic ncid) as a weaning diet for hybrid striped bass 
gave n significant improvement in larval growth (Moro11e sa.mlilis) and tish silnge mny 
be of some value in weaning transformed tish to artificial dry diets (Gallagher, 1993). 
However, some conflicting results have been rep011ed on tish silage as a tish meal 
replace (either partinlly or totally) in tish diets. Godcl<ml el a/ (200 I) showed that 
incorporation up to 30% of eo-dried acid sardine silage in tilnpia diet did no! affect the 
growth performance and feed utilization compared to a fish meal based die!. However 
Fagbcnro, ( 1994) observed thnl up to 75'Yo of fish meal could be substituted with eo-
dried fennenleted tilapia silage in lilapia and catfish diets, while totnlly substitution 
yielded lower growth perftmnancc, feed conversion and protein utilization. Also Kim, el 
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al., ( 1999) found that Korean rock fish fed diets containing 20% tuna viscera fennented 
silage demonstrated better growth rate compared to fish meal based diets. 
Marine polychaete worms such as (Nereis vires and Arenicola marina) commonly 
known as ragwonn, contains high protein levels amount to 55% of dry matter with 
high levels of digestible protein and it is also a rich in all essential polyunsaturated 
fatty acids (EFA's). Polychaete wom1s are a natural feed for all marine animals and 
has been recognized as a valuable maturation feeds for crustacean and fin fish 
broodstock, in addition it is primarily used in sea angling as live bait (Olive, 1999). In 
fact fem1ented fish silage has a sour taste (Tacon, 1992; Yoon et al., 1997a}, which 
might depress the palatability of diets or reduced appetite when it is fed to fish. 
Consequently, polychaetes can be used as a supplement ingredient in fish silage diets 
for improved palatability and to increase the appetite of fish. 
Therefore, the objective of this work was to evaluate the replacement value of fish 
meal with fermented apple pomace tlsh silage in a series of balanced diet fomllllations 
for sea bass. Molasses and acid fish silages were also used to provide comparatives 
data. Commercial polychaete worm meal was used as a supplement in a fish silage diet 
to investigate its effect on diet palatability. Nutritional evaluation of fermented apple 
pomace tish silage was studied by feeding sea bass with the experimental diets l(x 9 
weeks to investigate the growth performance, feed efficiency and nutrient utilization 
for this important marine species. 
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5A.2 MATERIALS AND METHODS 
5A.2.1 Raw materials for fish silage preparation 
The raw materials such as sardines, apple pomace 2, molasses and the inoculum used in 
this experiment were described in chapter 2 section 2.1 in detail. 
5A.2.2 Fish silage preparation 
5A.2.2.1 Apple pomace fish silage 
According to the Pearson Square method a known weight of dried apple pomace and 
minced sardine (table 5A.2) which gave a 5% sugar content in the mixture was mixed 
thoroughly with 0.05% of antioxidant (Liquid antioxidant (BAR OX plus liquid), Kemin 
Europa N.V, UK), and 0.1% potassium sorbate (sorbic acid potassium salt, minimum 
99%, obtained from Sigma, UK) in the mixer (Crypto Peerless, model, EM20, Italy). 
Then the mixture was inoculated with 5% (v/w) (4.7x I o\fu/ml) of a culture of L. 
plantarum grown for ISh in MRS broth. The preparation was transf'crred into 5 liters 
airloek fermentation bucket (Young's quality products, '{oung's brew), then sealed and 
incubated at 35"C tor 7 clays. 
5A.2.2.2 Molasses fish silage 
A known weight of molasses and minced sardine (table 5A.2), which gave a 20% 
molasses content in the mixture was mixed thoroughly with 0.05°/t, of antioxidant ( 
liquid antioxidant BAROX plus liquid, Kemin Europe N.Y, 1-lerentals, Belgium) and 
0.1 '% potassium sorbate (sorbic acid potassium salt, minimum 99%, Sigma, UK) in the 
mixer (Crypto Peerless, moclei.EM20, Italy). The mixture was then inoculated with 5'% 
(v/w) (4.7x 109 cfuml" 1) of a culture oi"J.. plantamm grown ]()r 18 h in MRS broth. The 
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preparation was transferred into a 5 liter capacity air lock fennentation bucket (Young's 
quality products, Young's brew), then sealed and incubated at 35"C for 7 days. 
SA.2.2.3 Formic acid fish silage 
A known weight of minced sardine (table 5A.2) and fom1ic acid (Reagent Grade, 95%, 
Sigma-Aldrich) which gave a 3% fom1ic acid content in the mixture was mixed 
thoroughly with 0.05% of antioxidant (liquid antioxidant, BAROX plus liquid, Kemin 
Europe N.V, Herentals, Belgium) and 0.1% potassium sorbate (sorbic acid potassium 
salt, minimum 99%, Sigma, UK) in the mixer (Crypto Peerless, model, EM20, Italy). 
The mixture was transferred into 5 liters fennentation bucket (Young's quality products, 
Young's brew), then sealed, and incubated at 35"C for 7 days. 
SA.2.3 Fish and experimental design 
Five hundred and fifty juvenile European sea bass (Dicentrarcl111s /abrax) were 
obtained ti·om Selonda I BFF Hatchery, Anglesey (UK), at an initial mean weight of 6-7 
g fish and acclimated into a dedicated controlled closed re-circulation system for six 
weeks until they reached the desired mean weight of 15 g. During the acclimation 
period, fish were fed with a commercial diet (nutritionally complete feed for salmon, 
Ewos Ltcl, UK). After the acclimation period, fish were randomly distributed among 18 
tanks with an initial stocking density of 20 fish per tank, and average initial weight of 
15 g. All treatments were conducted in triplic::lle for the investigations. 
SA.2.4 Experimental diets 
Six isonitrogenous and isncaloric diets were formulated, replacing tishmeal protein and 
oil by variuus !ish silage products such as apple pomace (diet 2), molasses (diet 5) and 
l(mnic acid (diet 6) !ish silages using Least-cost formulation software (Feed sot!, 
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Dallas, Taxes, USA). Diet I served as a control, diet 3 and diet 4 with apple pomace 
fish silage also included a commercial polychaete worm meal as a potential attractant at 
I% and 5%, respectively (table 5A.I ). Diets were produced in which all dry ingredients 
with Premix (Premier Nutrition Products Ltd, UK), vitamin C (DSM Ltd, Base!, 
Switzerland) and carboxy methyl cellulose (carboxy methyl cellulose sodium salt, 
medium viscosity 92% aque, Sigma, UK) were thoroughly mixed in the bowl of a 
Cater-Bake mixer. Pure cod liver oil (Seven Seas) purchased trom Boots, Plymouth, UK 
was added together with a liquid antioxidant and a blend of fish silage and wann water 
( 40-50% of total ingredient weight) were added to the mixture. The mixing was 
continued until a homogenous mixture was obtained. Due to the oily nature of fish 
silage, it was mixed with water and used as a liquid to avoid any clumping. The 
resulting paste was then extruded into noodles through 2 mm die plates in a PTM 
Extruder System P6 (PTM, Italy) and dried at 50"C for 48 h by Memmert, 600 
covenation oven (Memme11, Schwabach, Genmmy) to <I 0% moisture content. Diets 




Table SA. I: Fonnulation and chemical composition of experimental diets (Mean± SO) in 
feeding trial experiment. 
Ingredients Diets 
Control APFS APFS APFS MFS FAFS 
+I% +5% 
PWM PWM 
Herring Meal L T92 62.41 50.63 49.99 47.46 48.99 51.11 
Apple pomace fish silage 31.87 31.56 30.33 
Molasses fish silage 36.04 
Fom1ic acid fish silage 21.02 
Polychaete wonn meal 1.00 5.00 
Wheat Carrier Flour 25.82 14.35 14.30 14.06 11.82 24.72 
Cod liver oil 8.62 
Vitamin Mineral Premix 2.00 2.00 2.00 2.00 2.00 2.00 
Carboxymethyl 1.00 1.00 1.00 1.00 1.00 1.00 
cellulose 
Vitamin C 0.10 0.10 0.10 0.10 0.10 0.10 
Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05 
Percent proximate composition (in dry basis weight) 
Moisture 3.88 3.97 4.81 5.35 5.06 4.28 
±0.44 ±0.30 ±0.32 ±0.29 ±0.18 ±0.23 
Protein 45.95 45.75 47.01 48.20 47.22 47.75 
±0.95 ±0.67 ±0.73 ±0.62 ±0.35 ±0.31 
Lipid 14.03 I 6.35 16.40 16.39 15.88 15.02 
±0.10 ±0.07 ±0.07 ±0.01 ±0.05 ±0.2S 
Ash 9.78 8.43 7.80 8.73 9.83 9.90 
±0.50 ±0.67 ±0.42 ±0.99 ±0.77 ±0.85 
Gross energy ( KJ g· 1 ) 21.37 21.53 19.28 21.55 21.23 21.92 
±0.01 ±0.04 ±0.03 ±0. 04 ±0.34 ±0.00 
APFS: Apple pomace !ish silage, APFS+ I% PWi\'1: Apple pomace !ish silage+ I <y,, Polychaete 
wonnmeal, APFS+5%P\VM: Apple pomace tish silagc·l·5°;(, Polychacte worm meaL i\'IFS: 
Molasses fish silage and FAFS: Fonnic acid fish silage. 
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SA.2.5 Facilities and experimental condition 
The growth trial was carried out in a closed re-circulation marine system within the 
University of Plymouth, consisting of eighteen 71 L tiberglass tanks. The system 
received natural re-circulated aerated sea water passed through mechanical, 
biological filters and finally into a D-Deltec protein skimmer. Mechanical filtration 
consisted of a mesh screen supported with sponge filter to eliminate any particles. 
The filter was cleaned and the sponge changed daily. The biological filter was a 
2211 L reservoir aerated by submersed pipes. This comprised plastic biological 
media with high surface area submerged in sea water for the process of maintaining 
an efficient nitrogen cycle. The filtered sea water fin<.Jlly entered <.1 D-Deltec protein 
skimmer to remove the suspended protein <.Jnd fat. Tanks were supplied with a 
constant tlow rate of filtered sea water at a rate of 10 L min.· 1 
The water was pm1ially changed amounting to 20'Yo of the system's volume a twice a 
week and a constant photoperiod of 12 h light: 12 h dark was maintained. The water 
temperature was 24 ± 1.34"C and maintained by a thennostatically controlled 
immersion heater. pl-1 was 7.58±0.14, kept at a desirable level throughout the 
experimental period and was buffered when it was needed with sodium bicarbonate 
(NaC02). Dissolved oxygen in the water was maintained at 93.59% ±3.59. Total 
ammonia, nitrite and nitrate were 0.05±0.03, 0.13±0.07 and 19.3 7±6.26 (mg L. 1) 
respectively. Temperature, pl-1 and dissolved oxygen were measured daily by an HQ, 
40d monitoring system while ammonia (NI--I,), nitrite (N0"2) and nitrate (N0.3) were 
monitored weekly by HACI-1 spectrophotometer. Salinity was held at 32.82±1.06 
and adjusted when necessary with fi·esh water and measured weekly by the HQ, 40cl 
monitoring system. Tanks were covered with metal frames with plastic mesh to 
prevent lish from escaping and each tank was fitted a central stand pipe for 
controlling the water level in individual tanks. Tanks were supplied with separate 
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aeration by means of a forced air pumping system. The fish were fed three times 
daily at a feed rate of2.5% body weight on a dry matter basis. 
All fish were weighed individually at the initiation (week 0) of the trial and 
subsequently by total weight for each tank to recalculate the feeding level in 
absolute amounts for each two week period. The fish were fasted for 24 h prior to 
weighing. 
Plate SA.l: Recirculation marine system B in the Aquaculture and Fish Nutrition 
Research Aquarium, University of Plymouth used in the feeding trial with European 
sea bass. 
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Plate SA.2: Sea bass juveniles in the experimental system of the University of 
Plymouth during mass weighing of fish. 
SA.2.6 Feed efficiency, growth and survival indices 
Nutritional measurements for growth and feed utilization such as Specific Growth Rate 
(SGR) and Feed Conversion Ratio (FCR) were determined as follows: 
Weight gain (g) = mean fmal body weight-mean initial body weight 
%Weight gain = (Wr - Wi) x 100, where Wris the mean final fish weight and Wi is the 
mean initial fish weight. 
SGR (% I day) = 100 x (ln w1 - ln wo) I t, where w1 is the weight of fish at time t, wo is 
weight of fish at time 0, and t is the feeding period in days. 
FCR = total dry feed fed (g) I total wet body weight (g) 
For the measurement of basic indices of quality and nutrient efficiency, 15 fish were 
scarified at the commencment of the growth trail and 6 fish were randomly removed 
from each tank at the end of the trial for gross carcass composition. The fish were then 
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oven dried overnight at I 05°C and moisture content was then detennined. The dried fish 
were homogeneously ground and kept in plastic containers until used. The dried 
samples were analysed and nutrient retention indices were calculated as follows: 
Protein Efficiency Ratio(% PER)= wet body weight gain (g) I protein fed (g) x I 00 
Apparent Net Protein Utilization (ANPU) =increase in carcass protein (g) I quantity of 
protein consumed (g) x I 00 
SA.2.7 Proximate composition analysis 
The proximate composition analysis of raw materials (table 5A.2), feed ingredients 
(table 5A.3), diets (table 5A.I) and fish carcasses (table 5A.6) in respect to moisture, 
protein, lipid and ash were detem1ined as described in chapter 2 section 2.2.1. 
Table SA.2: Proximate composition (Mean± SD,% wlw wet matter) of whole sardine, 













Apple pomace Molasses 
7.42±0.04 25.77±029 
3.81±0.13 5.03±0.07 
1.20±0.10 0.00± 0.00 
1.52±0.02 I 0.35±0.66 
Table 5A.3: Proximate composition (Mean±SD,% w/w dry matter) of ingredients used 
in the experimental fish diets preparation. 
Proximate FM PWM WF APFS MFS FAFS 
composition 
(g 100 g" 1) 
Dry matter 90.46 97.01 86.83 96.15 95.14 97.3 
Protein 68.48 50.62 15.32 32.90 33.92 39.54 
±1.20 ±1.01 ±0.39 ± 1.15 ±0.34 ±0.15 
Lipid 7.57 15.19 2.47 35.37 32.47 49.85 
±0.07 ±0.16 ±0.02 ±1.20 ±1.00 ±1.20 
Ash I 7.26 12.79 3.86 3.08 4.81 4.20 
±0.27 ±0.17 ±0.05 ±0.39 ±0.29 ±0.84 
Fl\1: Fish meal (Scottish fish meal, United Fish Products Ltd, Aberdeen, UK). PWM: 
Polyehate worm meal (Freeze dried polychates worm meal, Seabait Ltd, UK). WF: Wheat 
flour (Carrier flour Dragon feed, UK). APFS: Apple pomace fish silage. MFS: Molasses 
fish silage. FAFS: Fonnic acid fish silage 
5A.2.8 Determination of mineral content 
The mineral profile of fish meal, acid and fem1ented tish silage (table 5A.4) were 
analysed using a Varian 725-ES Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES) following acid hydrolysis of samples as described in chapter 2 
section 2.2.1.7. 
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Table 5A.4: Mineral content of fish meal, fermented and acid fish silage (Mean±SD) in dry 
basis weight. 
Mineral contents 
Ca K Mg Na p s Cu Fe Mn Zn 
% % % 'Yo % % pp m pp m pp m pp m 
Fishmeal 3.3 1.10 0.2 1.5 2.2 0.9 2.4 174.4 4.0 54.9 
±0.1 ±0.0 ±0.0 ±0.0 ±0.0 ±0.02 ±0.1 ±2.2 ±0.3 ±1.7 
Apple 1.0 0.90 0.1 0.4 1.0 0.5 3.5 76.8 6.6 48.3 
pomace fish ±0.1 ±0.1 ±0.0 ±0.0 ±0.1 ±0.0 ±0.6 ±2.5 ±0.3 ±2.2 
silage 
Molasses 1.0 2.4 0.2 0.4 0.9 0.6 4.2 123.5 11.2 43.8 
fish silage ±0.1 ±0.2 ±0.0 ±0.0 ±0.0 ±0.0 ±0.7 ± 1.8 ±0.5 ±2.1 
Fonnic 1.1 0.8 0.1 0.4 1.1 0.5 2.0 72.2 4.6 48.1 
acid fish ±0.2 ±0.2 ±0.0 ±0.1 ±0.2 ±0.1 ±0.0 ±2.9 ±0.3 ±2.3 
silage 
5A.2.9 Determination of gross energy 
Gross energy of !ish diets was determined hy the use of an lsoperibol bomb calorimeter, 
1356 (Parr Instrument Company, Moline. Illinois, USA) as described in chapter 2 
section 2.2.1.6. 
5A.2.10 Statistical analysis 
The data were analysed statistically by one-way analysis of variance (ANOVA) using 
Minitab 15 sottware. The differences between means were tested by multiple range test 
(Tukey·s pairwisc comparisons test). 
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5A.3 RESULTS 
SA.3.l Growth and feed performance 
No mortalities were recorded and no disease or pathology was observed during the 
course of the feeding trial experiment. The growth performance and diet utilization 
parameters detennined for the European sea bass fed the experimental diets are 
displayed in table 5A.5 and figure 5A.l. As can be seen from figure I, there was a 
steady increase in body weight in all fish fed the experimental diets throughout the 
period of the growth trial. However the superior growth response achieving a 3 fold 
increase in weight over a 9 weeks feeding trial were recorded in tish feel with control 
and formic acid tish silage diets. From these results it can be seen that the highest 
weight gain was produced by tish fed the tish meal based diet but this was not 
significantly different (P>0.05) than fish fed fonnic acid tish silage based diet, while sea 
bass fed fcm1cnted fish silage based diet showed significantly lower (P<0.05) weight 
gains than those fed control diets. It was noticed that fishes fed with molasses based diet 
recorded the lowest weight gain comparing to the other diets. Specific growth rate 
(SGR) data showed almost the same trend as gain weight. 
5A.3.2 Carcass composition and nutrient utilization 
Apple pomace and formic acid !ish silage diets yielded the same efticiency in 
convc11ing Iced into body weight as control diet, however, scabass fed the molasses tish 
si I age diet gave the lowest feed conversion ratio (FCR) and this was signi licantly 
different (P<0.05) other diets evaluated (table 5A.5). 
Protein efficiency and retention and proximate body composition arc presented in tables 
5A.5 and 5A.6 respcctivlcy. It was observed that tish !Cd with the control diet were 
more efficient in converting the consumed protein into body weight and signilicantly 
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different (P<0.05) than fish fed with all other experimental diets. However molasses 
fish silage diet produced the lowest protein efficiency ratio (PER) and was significantly 
different (P<0.05) comparing to all other diets. Fish fed control diet showed the best 
apparent net protein utilization (ANPU) and significantly different (P<0.05) than fish 
fed the other all experimental diets. Fish fed molasses fish silage diet registered the 
lowest ANPU and significantly different (P<0.05) than fish fed with all other 
experimental diets. The protein content in the whole fish carcass was more or less the 
same in all treatments throughout the feeding trial period (from start to end) and no 
significant trends (P>0.05) recorded. However, the highest carcass lipid level was 
obtained in fish fed with control diet throughout all the treatments and was higher than 
the value obtained for the initial fish. The ash content in the whole fish carcass 
decreased in all treatments throughout the feeding trial period (from initial to final fish), 
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Figure 5A.l: Growth performance of sea bass fed experimental diets for 9 weeks 
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Table 5A.5: Growth perfonmmce. feed conversion ratio (FCR), protein efficiency ratio (PER) and net protein utilization (NPU) of sea bass fed with 
experimental diets for 9 weeks (Mean±SD of 3 replicates). 
Diets 
Control APFS APFS+I%PWM APFS+S%PWM 
Initial weight (g) 15.60±0.07"h 15.71 ±0.30"5 15.68±0.11 ab 15.49±0.576 
Final weight (g) 44.39±0. 92" 40.38±0.63b 41.68±2.30b 41.27±1.90b 
Weight gain (g) 28. 79±0. 98" 24.68±0.56h 26.00±2.21 hd 25.78±1.59h 
% weight gain 184.57±7.00" 157.15±4.69"" 165.83±13.17''" 166.49±9.36h" 
SGR 1 ('Y., day) 1.66±0.04" 1.5±0.03h 1.55±0.08"" 1.56±0.06"" 
FCR 2 1.24±0.04" 1.34±0.03h 1.28±0.08"h 1.28±0.05"h 
PER~ 1.76±0.05" 1.63±0.04h 1.67±0.11 h 1.62±0.06h 
ANPU~ ('Yo) 26 77±0.94" 24.19±0.39" 25.33± 1 .os" 24. 77± I .22h 
">«Values in the same row with the same superscript are not significantly different (P>0.05). 
1 Specitic growth rate(%): (In tinal body weight- In initial body weight) x 100 I (days). 
2 Feed conversion ratio: feed intake DM /live weight gain. 
3 Protein etliciency ratio: weight gain I protein intake. 










22. 78± 1.17" 25.14±0.93b 
Table 5A.6: Fish carcass composition (g I 00 g- 1 wet weight) of whole fish at start and end 
of experimental period on each test diet (Mean±SD of 3 replicates). 
Proximate Diets 
composition 
0/o Initial Control APFS APFS APFS MFS FAFS 
fish +I% +5% 
PWM PWM 
Moisture 66.06 65.98 66.43 67.09 66.90 67.61 66.79 
±1.56 ±1.31" ±0.87h ±1.13hc ±0.87b ±0.77" ±0.95h 
Protein 15.75 15.39 15.21 15.38 15.46 15.54 15.36 
±0.51 ±0.40"b ±0.28" ±0.37"b ±0.29b ±0.31b ±0.57"b 
Lipid 10.59 13.30 9.82 10.59 10.54 10.26 11.49 
±0.14 ±2.49" ± 1.06b ± 1.00" ± 1.30bc ±0.34bc ±0.42d 
Ash 3.49 1.26 1.41 1.41 1.36 1.65 1.45 
±0.19 ±0.11" ±0.07h ±0.06b ±0.07b ±0.04" ±0.17b 
" c Values in the same raw with the same superscript are not significantly different (P>0.05). 
5A.4 DISCUSSION 
It was obvious throughout this study that feeding sea bass with fish silage based diets 
generated similar or lower growth perfonnance, feed utilization, protein efficiency and 
retention of tish compared to a fish meal based diet. These findings are supported by 
several previous nutrional experiments which found that tish silage gave equal or 
lower growth perf(mnance, feed utilisation and nutrient efficiency and retention when 
fed to different species of marine and ti·esh water tishes (Hardy et al., 1984; Wood et 
al., 1985: Lawonyawut, 1987: Stone cl al., 1989; Fagbenro, 1994; Fagbenro cl al., 
1994; Balogun cl al., 1997; Padilla-Perez et al., 2001; Goddard et al., 2003: Carneiro 
cl al., 2004). With few exceptions research investigations have found that tish silage 
recorded better result than fish meal in terms of growth increment, ICed utilization, 
nutrient erticiency and utilization (Gonvalves cl al., 1989; Ali cl al., 1994; Jagannatha 
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el al., 1996; Yidotti el al., 2002; Neethiselvan e/ al., 2001). It is evident from the 
results of this experiment that fem1ented fish silage was inferior in perfonnance, i.e., 
lower final body weight, specific growth rate, protein efficiency ratio and net protein 
utilization and similar in feed conversion ratio in respect of apple pomace fish silage 
diet comparing to fish meal based diet. These findings agreed with Fagbenro el al., 
( 1997) who also found a reduction in growth rate, feed conversion ratio and protein 
efficiency ratio of catfish, Clarias gariepinus fed dried fermented tlsh silage diet 
comparing to fish fed only fish meal diet. Also in another study Fagbenro, ( 1994) 
showed that fish meal alone fed to tilapia ( Oreochromis nilolicus) gave significantly 
better mean weight gain, specific growth rate and protein productive value (PPY) and 
similar feed conversion ratio, protein efficiency ratio comparing to fish fed fermented 
fish silage based diet. However a fonnic acid fish silage preparation was similar in 
respect of perfom1ance but lower in protein efficiency ratio and apparent net protein 
utilization. Those observations are also suppOiied by Run!,rruangsak & Utne, (1981) 
who found that feeding salmonid fish with fonnic acid tish silage diets resulted in no 
differences in total weight gain compared to a control diet. On the other hand Heras el 
al., ( 1994) reported that Atlantic salmon fed with ground herring (control) based diet 
yielded significantly a higher protein efficiency ratio compared with fishes feel f(mnic 
acid herring and dogfish silage-based diets. Also Gallagher, ( 1993) found no 
significant differences in growth of hybrid striped bass larvae fed diets with or without 
fcmnic acid fish silage as a weaning diet. In contrast Kotzamanis et al., (2007) recently 
demonstrated significantly higher growth performance in European sea bass 
(Dicentrarchus labra.r) larvae fed with a diet containing I O'X, fish protein hydrolysate 
in comparison to tish fed with a diet containing I O'Yo formic acid fish silage. However 
no significant difference in growth was recorded when the level of inclusion of lish 
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protein hydrolysate and fish silage raised to nearly 19% but lower perfonnance was 
obtained in relation to I 0% inclusion rate. In general the inferior perfom1ance of fish 
fed fish silage diets in this feeding trial is probably attributed, firstly, to the huge 
quantities of soluble non protein nitrogen like free amino acids and peptides present in 
fish silage as a result of hydrolysis of the protein during the fem1entation or the 
liquefaction process. About 90% of the protein is effectively hydrolysed to free amino 
acids and small peptides during the liquefaction (Raa & Gildberg, 1976). On the other 
hand, fish meal mainly contains intact protein (Fagbenro et al., 1997). The duration of 
the absorption of the amino acids in the fish intestinal tract can be aflected by the 
degree of protein hydrolysis (Hardy et al., 1984). The post prandial period for flesh 
protein synthesis may become short when tish is fed a diet containing high levels of 
essential amino acids in a free fonn. Thus, these prematurely absorbed free essential 
amino acids would not be available tor protein synthesis during metabolism (Hardy et 
al., 1984; Stone et al., 1989). By the contrast, feeding fish with a tish meal based diet 
usually results in more efficient utilization of the intact protein because the absorption 
of the essential amino acid can be prolonged as digestion progresses in the 
gastrointestinal tract. Consequently, more protein conversion to tish tlcsh is possible 
(Stone et al., 1989). Secondly, the presence of high levels of ti-ee amino acids and 
small peptidcs in tish silage may cause a reduction in the biological availability of 
lysine and other amino acids as a result of the classical Millard reaction, especially 
when tish silage eo-dried with feed ingredients rich in carbohydrate (Baltcs, 1982). 
Also, the residual sugar in tish silage alier fermentation or liquel~1ction process may 
play an important role in raising the production of Maillard reaction by- products 
(Kompiang et al., 1980; Kies, 1981) . 
135 
To the author's knowledge no previous studies have been cited on the use of fish 
silage as fish meal substitute in juvenile European sea bass (Dicenlrarclws labrax) 
diet. Therefore the findings obtained from this study are of some significance. 
Nutritional parameters obtained from this trial in respect to SGR ( 1.43-1.66%), FCR 
( 1.24-1.43 ), PER (1.48-1.76) and ANPU (22.78-26.77%) were comparable to other 
investigations involving sea bass (Dicen/rarclws labrax). Two experimental diets 
using two levels of pea seed meal as a substitute to tish meal and as a carbohydrate 
source gave values of SGR (I. 72%), FCR ( 1.62), PER ( 1.26) and ANPU (20.09) 
(Russell e/ al., 200 I). Tibaldi el al., (2006) stated that the SGR, FCR and PER for 
juvenile European sea bass (Dicenlrarchus labrax) fed fish meal based diet 
compared to processed soybean meal diets as a fish meal substitution were 0.47%, 
1.78 and 1.18 respectively. Another experiment was conducted by Oliva-Teles & 
Goncalves, (200 I) who investigated the possibility of using brewers yeast as a 
partial tish meal replacement in European sea bass (Dicenlrarchus labrax) diet and 
showed that the SGR and ANPU in fish fed fish meal based diet were 1.46 and 20.8 
respectively. 
On this basis, it can be deduced that fermented and acid lish silage can partially 
substitute for fish meal in balanced diets for the European sea bass (/Jicenlrarclws 
labrax) without any obvious detrimental effect on the growth pertormance and feed 
utilization. Separate hematological and histological examinations were conducted 
within this trial and reported in the next chapter. 
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CHAPTERSB 
Partial replacement of fish meal in European sea bass 
diets using fermented fish silage: 
General health, haemotological and histological 
examination of key digestive ogans and tissues 
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58.1 INTRODUCTION 
Fish reared under intensive culture systems and completely dependent on artificial diets 
may be susceptible to dietary related pathologies resulting from specific nutrient 
deficiencies, dietary imbalances and possible toxic and antinutritional factors present in 
plant ingredients and adventitious toxic factors fom1ed during the processing and 
storage of feed. Apart of health status, good quality nutrition and feed provision during 
culture may improve the quality of the final product and benefits the consumer. In 
addition, environmental impacts of aquafeed can be reduced by feeding fish with more 
environmentally friendly diets (Tacon, 1992; Hasan, 200 I). 
Fish meal is used as a major ingredient in commercial fish diets in order to provide the 
dietary protein with the essential amino acid profile to cultured fish. However studies 
are being conducted to minimise its level in commercial diets by partial substitution 
with different altemative animal and plant protein sources, such as meat and bone meal, 
blood meal, poultry by-product meal, hydrolysed feather meal , fish silage, soybean 
meaL dried brewers yeast and com gluten meal (Tacon & Jackson, 1985). Different 
inclusion levels of the altemative ingredients in diets for cultured fish yield different 
results in different species with respect to their health status. For instance. Robaina el al., 
( 19lJ7) found no liver alteration in gilt head seabream fed diets including increasing 
levels of corn gluten meal, on the contrary fish fed diets exceeding 20'Yo of meat and 
bone meal showed an increase in lipid deposition, nuclei polarization and isolated 
necrotic focal zones were found in hepatocyte cells. These may indicate irreversible 
effects on fish health due to nutritional imbalances (Mosconi-Bac, 1987: Mosconi-Bac. 
19lJO). Indeed, higher inclusion of full-f~1t and solvcnt-cxtractecl soybcan meal may 
cause morphological changes of the clistal intestinal epithelium and a shortening of the 
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microvilli with increased fonnation of microvillar vesicles (Van den Ingh et al., 1991; 
Bakke-McKellep et al., 2000; Krogdahl et al., 2003). Russet et al., (200 I) demonstrated 
significant changes in liver morphology and glycogen distribution in juvenile European 
sea bass (Dicentrarchus labrax) feel diets containing a graded inclusion of pea seed 
meal. Another feeding study on gilthead sea bream and European sea bass revealed that 
inclusions of 18% and 30% of soybean meal in fish diets did not cause any changes in 
gut histology in sea bass, whereas in sea bream it caused changes in distal intestine 
morphology (Bonaldo et al., 2008). Effects of inclusion of fish protein hydrolysate and 
fish silage as fish meal altemative in marine and fresh water fish diets on the health 
status parameter such as, condition factor, hepato-osmatic index, blood parameters and 
nutritional pathology have been studied (Fagbenro et al., 1997; Sun et al., 2007). 
The ann of this study is to find out the effect of feeding European sea bass with 
fennented and acid fish silage diets on fish health and the morphological features of the 
intestine and liver tissue comparing with tish meal diet as a control. 
58.2 MATERIALS AND METI·IODS 
58.2.1 Fish sampling and handling techniques 
At the termination of the previous trial as described fully in chapter 5A nine tishes per 
treatment (three fishes per tank) were randomly selected for morphometric 
measurements, tissue and blood collection. These were sucri ficcd by lethul anaesthesia 
using Tricane methyl sulphonate (MS222). The vet1ebral column was sectioned and the 
cerebral system was destroyed before dissection in order to comply with UK Home 
Of1ice regulations ( 1986, Animal Scienti tic Procedures Act). 
139 
58.2.1.1 Condition factor (K) 
Fork length and wet weight (morphometric data) tor all fish sampled were recorded and 
condition factor was calculated according to the following equation: 
K = (Weight (g) x I 00) I Length ( cm3) 
58.2.1.2 1-lepato-Somatic index (HIS) 
During the histological sampling livers were weighed and HIS was calculated according 
to the following tonnulae: 
HSI (%)=(liver weight (g) I body weight (g)) xI 00 
58.2.1.3 Haematologieal analysis 
58.2.1.3.1 Blood collection 
At the end of the experiment. three tish from each tank were randomly selected. Fish 
were sacrificed by lethal anaesthesia with Tricane methyl sulphonate (MS222) and 
blood withdrawn ti·om the caudal vein using a 25 gauge needle and I ml syringe. The 
amount of blood obtained tor each tish was used to prepare blood smears and 
haematocrit value. 
58.2.1.3.1.1 Leulwcyte counts 
Blood smear slides were prepared using 5 pi whole blond in order to assess the total 
leukocytc counts. The smear was air dried then fixed in 95'% methanol. Slides were 
stained with 6'!;1, Giemsa (BDH) for 20 min and mounted in DPX (BDH). Images were 
taken using a DCM I 30 digital camera (Brunei microscopes Ltd, Wiltshire. UK) using 
Seopephoto (Scope Tek'"". China) and Olympus BH light microscope. Counts were 
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assessed using digital images and levels were detennined as total number of leukocytes 
per I 000 blood cells. 
58.2. 1.3. 1.2 Haematocrit value determination 
Seventy five percent of the heparinised capillary tube were filled with the blood, end-
plugged with putty and centrifuged for 5 min at 12500 rpm using micro haematocrit 
centrifuge. % haematocrit value(% Het) was read using Hawlsley Haematocrit Reader 
which represented the volume of the whole blood occupied by the red blood cells. 
58.2.1.4 Histological studies 
58.2.1.4.1 Histological preparation and staining techniques for light microscopy 
At the tennination of the trial, three tish from each tank were sa cri ficcd with an 
overdose of MS222 bctorc dissection. Their livers and pm1s of posterior intestine were 
immediately tixed in buffered tonnal saline and stored until required. The livers were 
dissected to small size cubic tissue. Liver and the posterior intestine parts were 
subjected to dehydration in a graded series of alcohol strengths, cleared in xylene and 
embedded in fibrowax Mpt 56°C. The parartin blocks were sectioned at 7 pm by a 
rotary micrometer. Short ribbons of sections were placed into a heated water bath tor 
tlattening. The tlattened sections were transferred to slides and left to dry before 
staining. Stained seetions were mounted with a polystyrene resin dissolved in xylene 
(DPX). Various stains were used, Mallory's trichrome (Bruno & Poppc, I 996) was used 
to give a clear picture f(>r the general histology of livers and the intestines, Periodic acid 
Sehifrs (PAS) (Bruno & Poppe, 1996) was used to stain for glycogcn. Stained sections 
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were examined under Olympus AHBT-513, V ANOX photomicroscope and the images 
were captured using Olympus C-2020Z digital camera. 
58.2.1.4.1.1 Liver lipid deposition assessment 
Mallory's liver sections were examined for the evaluation of lipid deposition under the 
microscope using an eyepiece graticule, Weibel 2 (plate 5B.l). The heads of arrows that 
hit the lipid vacuoles were counted and then the average is calculated to give the extent 
of lipid deposition (as arbitrary units, AU). Nine samples per treatment and 4 replicates 
per sample were analysed. 
Plate 5B.l: Example of using eyepiece graticule, Weibel 2 for the detection 
oflipid deposition in Mallory's liver section of sea bass. 
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58.2.1.4.1.2 Image analysis of villi 
Whole gut images were taken at x 4 magnification (plate 58.2) and analysed usmg 
Image J !.40 (http://rsb.info.nih.gov/ij/download.html) to determine gut perimeter. 
Images were converted to 8-bit and then the intemal and the whole gut areas were 
selected by thresholding the image and the perimeter were measured as shown in plate 
58.3. The ratio of intcmal perimeter/ extemal perimeter is then calculated to give gut 
perimeter ratio (as arbitrary units, AU). 6 images per treatment were analysed. 
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Plate 58.2: Sample of light microscopic images of posterior intestine (magnification x4) used to 
determine the perimeter ratio. The different photographs are from fish fed (A) fish meal, (B) APFS, 
(C) APFS+ 1 %PWM, (D) APFS+5%PWM, (E) MFS and (F) F AFS. 
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Plate 5B.3: Example of threshold adjustments of light microscopy image (sea bass 
posterior intestine) using Image J (V .1.40) to determine gut perimeter ratio. 
5B.2.1.4.2 Histological preparation for scanning electron microscopy (SEM) 
examination of gut 
Pieces of posterior intestine were opened for internal side exposmg, then washed 
thoroughly in 1% S-carboxmethyi-L-cysteine for 30 sec to elimination the mucus and 
then ftxed in 2.5% glutaraldehyde with 0.1 M sodium cacodylate buffer (1: 1 vol. , pH 
7.2, 3% NaCl). Samples rinsed 3 times with 0.1 M sodium cacodylate buffer for 15 
minute to remove the fixative. The samples were then dehydrated by placing them in 
graded ethanol solutions (30%, 50%, 70% and 90%) for 15 min each and finally twice 
in 100%. Dehydrated samples were critically point dried by using ethanol as the 
intermediate fluid and C02 as the transition fluid (Emitech K850; Kent UK). After 
critical point dried process, samples were mounted on aluminium stubs and gold coated 
using an Ernitech K550 sputter coater (Kent, UK) after attached to support stubs with 
electrically conducting tape. Samples screening were conducted using a Jeol JSM 5600 
LV electron microscope (Tokyo, Japan). 
5B.2.1.4.2.1 Sampling screening and image analysis of microvilli 
SEM images at lower and higher magnification were taken in order to observe the general 
structure of the posterior intestine of sea bass. Microvilli images were taken at x 20 000 
magnification and analysed using Image J 1.40 (http://rsb.info.nih.gov/ij/download.html) 
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to evaluate microvilli density. Images were threshold, then the foreground (microvilli) 
was differentiated from the background (Spaces between microvilli) as shown in plate 
5B.4. The density value (as arbitrary units, AU) was determined by calculating the ratio 
of foreground/background. Three images per sample were analysed. 
Plate 58.4: Example of threshold adjustments of SEM micrographs (sea bass posterior 
intestine) using Image J (V.1.40) for the analysis of microvilli density. Right transformed 
images for analysis. The density value (as arbitrary units, AU) was determined by 
calculating the ratio of black to white. 
58.2.2 Statistical analysis 
The data were analysed statistically by one-way analysis of variance (ANOV A) using 
Minitab 15 software. The differences between means were tested by multiple range test 
(Tukey' s pairwise comparisons test). 
5B.3 RESULTS 
58.3.1 General health parameters 
Condition factors registered in this trial ranged from 1.22 to 1.26. With the exception of 
those fish fed the formic acid diet, there were no significant differences (P>0.05) 
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between seabass fed fish silage diets and those rece1vmg fish meal diet. Also no 
significant differences (P>0.05) were evident between fish silage treatments except 
APFS+ I %PWM diet which demonstrated a significant differences (P<0.05) with the 
MFS group (table 58.1 ). 
The results of HSI obtained throughout this experiment demonstrate a significant 
difference (P<0.05) between fish silage treatments and the control group except 
APFS+ I %PWM which gave no obvious difference (P>0.05) compared to the control 
treatment. However significant difference (P<0.05) was observed between fem1ented 
fish silage diets (table 58.1 ). 
58.3.2 Haematological parameters 
Haematological results of this experiment are displayed in table 58.1. It can be seen 
from the results that the control group fish gave the highest % Het throughout the 
experiment treatments. However no significant differences (P>0.05) was observed 
between fish receiving silage treatments or fish meal based diet except for the molasses 
fish silage fed seabass. This gave the lowest value compared to the control diet. No 
significant difference (P>0.05) was observed between any of the fish silage treatments 
evaluated. 
A significant increase (P<0.05) in the total number of leukocytes was found in FAFS 
treatment but no significant differences (P>0.05) were found in the remammg 
treatments compared to the reference (tish meal) group. However a significant 
difference ( P<0.05) was observed between F AFS group and fermented tish silage 
treatments except the APFS group. No signilicant differences (P>0.05) were recorclccl 
between fermented tish silage treatments. 
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58.3.3 Gut histology 
58.3.3.1 Electron microscopy 
In terms of general structural observation of the posterior intestine of sea bass, the 
scanning electron micrographs revealed that sea bass fed with all experimental diets 
showed no evidence of mucosal epithelium damage with all fish having healthy and 
regular shaped enterocytes lining the posterior intestine (plate 58.5). 
Results of SEM analysis of microvilli m01vhology is displayed in table 58.2. There 
were no significant differences (P>0.05) of microvilli density observed between the 
control group and apple pomace fish silage containing polychaete worm treatments, 
However, apple pomace, molasses and fonnic acid fish silages tre.atments gave 
significant effects (P<0.05) compared with fish meal based diet. No significant 
ditlerences (P>0.05) were observed between any of fish silage diets except the APFS 
treatment compared with APFS+ I %PWM which was significant (P<0.05). SEM 
micrographs (plate 58.6) clearly demonstrate that microvilli of sea bass fed npple 
pomnee fish silage with polyehaete worm were thinner compared to all other trentment 
groups of sea bass. 
58.3.3.2 Light microscopy 
Various Mallory's stained sections of sea bass mucosa (plate 58.7) feel the experimental 
diets shown no degenerative changes of the intestinal mucosal epithelium such ns, 
atrophy and necrosis of epithelial cells according to the text rc!Crencc (1-libiya, 1982). 
Results of Perimeter ratio analysis of sea bass gut !Cd the experimental diets are 
presented in table 58.2. It can be seen from the results that APFS+ I '%PWM and FAFS 
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treatments recorded the highest perimeter ratio, showing more complicated villi 
structure and significant differences (P<0.05) compared to the control group. The APFS 
fed seabass had significantly (P<0.05) lower perimeter ratios compared to 
APFS+ 1 %PWM and F AFS treatments respectively. 
Plate SB.S: SEM micrograph of posterior intestine of sea bass showing surface detail. 
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Table SB.I: General health and huemutology parameters of sea bass after 9 weeks feeding on experimental diets (Mean ±SD). 
Diets 
Control APFS APFS+I%PWM APFS+5%PWM MFS FAFS 
CF 1.22±0.06"" 1.22±0.07"" 1.24±0.07"6 1.23±0.05"6" 1.20±0.04" 1.26±0.066 
HSI (%) 1.64±0.27" I .46±0.24hc 1.52±0.30"" I .34±0.22"ct 1.29±0.23d I .3 7±0. 16bcd 
Het(%) 41.89±2.71" 38.44±6. 78"h 39.28±7.75"0 38±7.69"h 36.72±10.6i' 40.56±3.32"b 
Lcukocyte count 
,,, 
32.44±8.69" 41.33±20.81 ah 33.67±21.12" 33.89±15.24" 35.00±28.35" 54.78±21.6lh 
" "'Values in the same raw with the sumc superscript are not significant different (P>0.05). ·Number of leukocytes per I 000 blood cells. 
Table 5B.2: Gut morphology of sea bass fed fermented and acid fish silage diet (Mean ±SD). 
Diets 
Control APFS PFS+ I %PWM APFS+5%PWM MFS 
Microvilliclensity 7.74±4.58" 4.12±l.Oi' 7.30±3.77"" 6.23±1.43"6 5.19±1.53hc 
Perimeter ratio* 4.22± 1.53" 4.26± 1.05" 5.34± 1.09h 4.44±0.84"" 4.95± 1.58"b 
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Plate SB.6: SEM micrographs of the posterior intestine of sea bass microvilli fed, A) control diet. 
B) APFS diet. C) APFS+ 1 %PWM diet. D) APFS+5%PWM diet. E) MFS diet. F) F AFS diet. 
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Plate SB.7: Example of intestinal folds and mucus cells in Mallory's stained section of the gut 
(posterior intestine) of sea bass (magnification x 20). 1: Mucosal epithelium, 2: Lamina propria, 
3: Muscularis and 4: Serous membrane. Black arrows indicate goblet cells. A: fish fed control 
diet and B: fish fed APFS + 5% PWM. 
5B.3.4 Liver histology 
Sections of liver tissue of sea bass fed experimental diets revealed normal histological 
features referring to the text literature (Hibiya, 1982). Mallory's stained sections of fish 
liver as representative samples from each treatment (plate 5B.8) and example of PAS 
stained section (plate 5B.9) of sea bass liver fed APFS+ 1% PWM showed normal and 
homogenous sized hepatocytes (roundish polygonal cell body containing nucleus) with 
normal deposition of lipid and glycogen were deposits within the cytoplasm. The 
presence of lipid was recognized by white vacuolar structures in the cells, while PAS 
stain imparts purple colour to glycogen vacuoles. It can be seen from the results 
displayed in table 5B.3 that the F AFS treatment yielded significantly (P<0.05) elevated 
hepatic lipid deposition among the experimental diets.No significant differences 
(P>0.05) except APFS+5%PWM were observed between fermented fish silage fed fish 
and those fed the control diet and no significant differences (P>0.05) were recorded 
between all fermented fish silage treatments tested. 
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Plate 5B.8: Mallory' s stained livers sections of sea bass (magnification x40). The different 
photographs are from fish fed (A) fish meal, (B) APFS, (C) APFS+ 1 %PWM, (D) APFS+5%PWM, 
(E) MFS and (F) FAFS. 
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Table 5B.3: Prevalence of lipid in sea bass liver fed fermented and acid fish silage 
(Mean±SD). 
Diets 
Control APFS APFS APFS MFS FAFS 
+1% +5% 
PWM PWM 
Lipid 0.05 0.03 0.02 0.01 0.03 0.09 
deposition • ±0.063 ±0.05ab ±0.028b ±0.01 b ±0.05ab ±0.09c 
abcValues in the same raw with the same superscript are not significantly different 
(P>0.05). • Arbitrary units (AU). 
Plate 5B.9: Example of PAS liver stained section of sea bass fed APFS+ I% 
PWM showing normal glycogen deposition and distribution. 
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58.4 DISCUSSION 
The K values obtained at the end of this trial appeared nonnal and agreed closely with 
the findings of Asgard & Austreng ( 1985). These investigators found that K value for 
salmon fed acid fish silage was 1.19. These values are acceptable for salmon and the 
tish can be scored as a good fish according to the standards of K values of salmonid fish 
( 1.60, excellent; 1.40 good; 1.20, fair; 1.00, poor and 0.80, extremely poor) (Bamham & 
Baxtcr, 1998). The K value is affected by tish age, sex, season, maturation stage, gut 
fullness, type of food consumed, fat reserve quantity and level of muscular development 
(Barnham & Baxter, 1998). Saliu et al., (2007) observed that the chemical composition 
of fishes can vary considerably with species and body size and that the index of 
condition factor was not a proper predictor of the body composition and quality of 
fishes. 
The hepato-somatic index (HIS) values observed in this study are within the range of 
values recorded for sea bass fed plant protein diets (Russcll et al., 2001; Moreira cl al., 
2008). Whilst higher values were reported tor tilapia and cattish fed eo-dried fish silage 
diets (Fagbenro, 1994; Fagbenro & Jaunccy, 1995b; Fagbenro et al., 1997). The Higher 
HSI value obtained by control diets compared to tish silage diets in this study could be 
attributed to the higher content of starch in control diets due to a greater inclusion of 
wheat carrier tlour used in the experimental diets. Tibaldi et al., (2006) rep011ed that an 
increase in 1-ISI results when dietary digestible starch levels are increased. Peres and 
Oliva-Telcs, (2002) observed an increase of glycogen and lipid deposition in sea bass 
liver with a consequent increase of available dietary starch intake. 
Haematocrit ('V., Het) values showed no signilicant differences among the scabass fed 
silage diets or between the tish silage treatments and tish meal based control diet. This 
agrees with other related studies on tilapia and catfish ICd eo-dried tish silage diets 
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(Fagbenro, 1994; Fagbenro & Jauncey, 1995b). In fact, no hematological effects were 
recorded in sea bass fed any of fish silage diets. Thus fish growth in the fish silage 
treatments were not affected by health problems relating to blood composition. 
Interpreting total leukocyte counts can not be performed because pnor infonnation 
regarding the nonnal range of Ieukocyte numbers (reference haematological parameters) 
in sea bass (Dicentrarchus labrax) is not currently available in the scientific literature. 
Without this information one can not know precisely whether the counts obtained are 
either high or low in nature (Davis et al., 2008). However elevated leukocytes levels 
observed in F AFS treatment may be attributed to the etTect of bio-active peptides that 
can be present in fish silage which may have a mode of action on the immune system of 
fish. It was found that low molecular weight peptides ti·actions from fish protein 
hydrolysates stimulated oxidative burst and morphological cell reactions in head kidney 
leukocytes in Atlantic salmon (Gildberg et al., 1996). These may then stimulate the 
activity of the immune system in fish. The livers reveal normal histological structure 
and no signs of specific pathology apart from minor fat and glycogen deposition at the 
end of trial period. It was stated that sea bass have high insulin levels compnred to most 
fish species and this will affect the metabolic responses of ingested sugars. Insulin will 
therefore stimulate glucose and fatty acid removal ti·om plasma and elevate hepatic 
glycogen and lipid synthesis (Gutierrez et al., 1984) In fact, 1-lcmre et al., ( 1989) 
reported that up to 17'% of observed glucose is stored in cod liver feel precooked potato 
starch as n source of energy. It has been stated that sen bass arc prone to have a high fat 
deposition in the liver (Kaushik, 2002) and may store up to a third of the liver weight as 
lipid under certain conditions, Davies (personal communication). The paraffin 
embedding and staining methods used in liver histology in this study may have caused 
the occurrence of some lipid vacuolar structures in the hepatic cells, therefore lipid was 
easily recognized by staining cryostat-sections with Sudan black (1-libiya, 1982). 
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The hepatic lipid measurements obtained in this study provided limited infonnation 
regarding the presence and extent of fat deposition in the livers of seabass feel the 
experimental diets. Obviously, further investigation should be directed to obtain more 
detailed infom1ation such as, size and number of lipid droplets and liver ultra-structural 
changes using transmission electron microscopy. 
It is interesting to note that the incorporation of polychaete wom1 meal in the apple 
pomace fish silage diets seemed to improve the microvilli morphology by associated 
increases in the microvilli density. Such an improvement may be attributed to the 
effectiveness of high quantities of essential polyunsaturated fatty acids present 111 
polychaete worm and also its high mucm content. Due to lack or non-existent of 
knowledge regarding the effect of polychaete wonn on gut and microvilli morphology, 
further work should be undertaken on this topic. Moreover, a complete picture of gut 
and microvilli morphology can be obtained by further observation focusing on the 
measurement of microvilli length and examination of the ultra-structure of the 
enterocytes using more detailed imaging and quantification using transmission electron 
m1croscopy. 
In fact, no morphological changes, histopathological or hacmatological effects were 
observed in sea bass fed any of !ish silage diets, indicating that fish growth was not 
compromised by health status of the fish. 
A complete nutritional evaluation of a novel ingredient for tish requires inlonnation 
eonccrning the digestibility of' nutrient components. In addition, it is also important to 
validate the palatability of feeds and their attractant value in complete diets. This is 
particularly important tor marine tish species such as seabass. These arc the theme of 
the next chapter. 
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CHAPTER6 
Determination of apparent nutrient digestibility 
coefficients and palatability of fish silage fed to 
European sea bass, Dicentrarchus labrax 
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6.1 INTRODUCTION 
Digestibility and palatability are key components in ingredient assessment which 
provide a valuable knowledge needed about an ingredient before it can be used in fish 
diet fonnulation. The evaluation of ingredient digestibility allows us to know the 
prop011ion of energy and nutrients which fish can obtain through the digestion process 
and absoqJtion of key nutrients. Palatability is defined as ··acceptable to the taste" or 
sufficiently agreeable in tlavour to be eaten. Palatability can be measured in tish by 
detennining the differences in the quantities of feed consumed (Glencross et al., 2007). 
Digestibility of acid and fennented fish silages have been investigated in different fish 
species with varying results obtained. Fagbenro & Jauncey, (1994) reported similar 
apparent digestibility coefficients for dry matter, protein and energy of fennented fish 
silage diet fed to tilapia in comparison to a fish meal based diet. They also found in a 
separate study that apparent protein digestibility in juvenile tilapia and catfish decreased 
with increasing levels of eo-dried fermented fish silage : soybean meal ratio (Fagbenro 
et al., 1994). However Vidotti et al., (2002) obtained relatively high protein digestibility 
(72.5-80%) in juvenile pacu fish (Piaracrus mcsoporamicus) fed both fermented and 
acid fish silage. Contradictory results have been obtained by Ali er al., ( 1994) and Stone 
et al., ( 1989) who found that a fish meal based diet produced lower apparent protein 
digestibility compared to fish silage diets when l'ed to carp and rainbow trout. However, 
poor diet palatability was observed to be the limiting l~tclor for the growth of carp fed 
acid fish silage diets (Wood et al .. llJ~5). Indeed, lower apparent digestibility 
coefticients tiJr dry matter and protein in rainbow trout feel eo-dried fish silage diet 
compared to fish meal based diet were also recorded by Hardy er al., ( 1984). To the 
author's best knowledge, there arc llll previous studies concerning the digestibility and 
palatability of lish silage diet presemccl to European sea bass. Thereli:ll"C, the aim of this 
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study was to investigate the effect of incorporate fermented and acid fish silage m 
European sea bass laboratory diets with respect to their digestibility and palatability. 
The author produced a series of experimental diets in Plymouth containing the test 
silage ingredients and conducted a full laboratory nutrient analysis as rep011ed 
previously in chapter SA section SA.2.4 and also in this chapter section 6.2.3.2.1. The 
diets were transported to facilities in Turkey where they were fed to seabass as rep011ed 
in the following sections. All analysis on faecal material and interpretation of data was 
performed by the author. 
6.2 MATERIALS AND METHODS 
6.2.1 Raw materials for fish silage preparation 
Fish, apple pomace 2 and molasses are raw materials used m this experiment were 
described previously in chapter 2 section 2.1. 
6.2.2 Fish Silage Preparation 
Apple pomace, molasses and formic acid tish silage arc prepared as described in detail 
in chapter SA section SA.2.2 
6.2.3 Digestibility and palatability trials 
6.2.3.1 Stock fish 
Eight hundred European sea bass, Dicentrarc/111s labrax or initial weight 20.0 ± 1.3 g 
were obtained ti·om a local commercial tish hatchery (Id a Food Corporation, (:anakkalc, 
Turkey) then transported to Canakkkalc Onsekiz Mart University, Faculty or Fisheries, 
Fish Nutrition Laboratory (plate 6.1 ). Prior to the experiment, tish were l"ed by hand to 
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apparent satiation with a commercial sea bass feed (Biomar; crude protein: 47%, crude 
lipid: 16%), and acclimatized for 3 weeks prior the digestibility and palatability trials. 
Plate 6.1: Sea bass juveniles in the experimental system of Fish Nutrition 
Laboratory, Canakkkale Onsekiz Mart University, Turkey, used in digestibility 
and palatability trials. 
6.2.3.2 Digestibility trial 
6.2.3.2.1 Experimental diets 
Six isonitrogenous and isocaloric diets were formulated by replacing fishmeal protein 
and oil with various fish silage products such as apple pomace (diet 2), molasses (diet 5) 
and formic acid (diet 6) fish silages. Diet I acted as the control, diet 3 and diet 4 with 
apple pomace fish silage also included a commercial polychaete worm meal tested as an 
attractant at levels of 1% and 5%, respectively (table 6.1 ). Diets were prepared as 
described in chapter SA section 5A.2. 7 a part of yttrium oxide (Y 20 3) as an inert marker 
was added. 
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Table 6.1 : Fonnulation and chemical composition (Mean± SO) of experimental diets in 
digestibi I ity trial. 
Ingredients Diets 
% 
Control APFS APFS APFS MFS FAFS 
+I% +5% 
PWM PWM 
HerTing Meal L T92 62.41 50.63 49.99 47.46 48.99 51.11 
Apple pomace fish 31.87 31.56 30.33 
silage 
Molasses fish silage 36.04 
Formic acid tish silage 21.02 
Polychaete wom1 meal 1.00 5.00 
Wheat Carrier Flour 25.82 14.35 14.30 14.06 11.82 24.72 
Cod liver oil 8.62 
Vitamin Mineral 2.00 2.00 2.00 2.00 2.00 2.00 
Premix 
Carboxymethyl 1.00 1.00 1.00 1.00 1.00 1.00 
cellulose 
Yttrium oxide (Y 203) 0.10 0.10 0.10 0.10 0.10 0.10 
Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05 
Percent proximate composition (in dry basis weight) 
Moisture 7.25 5.39 6.76 4.62 4.55 5.31 
±0.37 ±0.13 ±0.42 ±0.29 ±0.32 ±0.35 
Protein 48.10 47.24 45.39 45.87 46.02 46.74 
±1.21 ±0.39 ±0.54 ±0.14 ±0.45 ±0.86 
Lipid 15.50 15.21 14.63 14.58 15.00 15.35 
±1.09 ±0.97 ±0.51 ±0.67 ±0.79 ±1.02 
Ash 13.51 13.24 12.54 12.82 14.42 12.62 
±0.09 ±0.41 ±0.09 ±0.11 ±0.12 ±0.46 
Gross energy( KJ g· 1) 20.73 21.23 21.53 21.21 21.08 20.96 
±0.05 ±0.18 ±0.11 ±0.47 ±0.08 ±0.09 
APFS: Apple pomace tish silage, APFS+I%PWM: Apple pomace fish silage+ 1%, Polychaete 
worm meal, APFS+5%PWM: Apple pomace tish silage+ 5% Polychacte worm meal, 1\'IFS: 
Molasses !ish silage and FAFS: Formic acid tish silage 
6.2.3.2.2 Facilities, experimental design and conditions 
The digestibility trial was conducted in the marine experimental system of the 
Canakkkale Onsekiz Mart University, Fish Nutrition Laboratory, Turkey. Fish were 
randomly distributed in the experimental tanks with stocking density equals 30 fish per 
tank. Six 200 L cylindroconical tanks supplied with Ciuelph system f~1ecal collectors 
were used. Fish were held under artificial light, with a photoperiod regime of 12 h light 
and 12 h dark. \Vater temperature, dissolved oxygen, pH and salinity were monitored 
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each day and averaged 19.4±0.21°C, 8.7±0.05 mg r 1, 7,9±0.01and 24.0±1.20%o, 
respectively. Water flow rate was approximately 8.0 L min-1 for each tanlc 
Fish were fed by hand three times (09:00; 13:00 and 17:00) a day to visual satiation. 
Each diet was tested in triplicate. Because the experiment was designed with 6 tanks 
and 6 diets, three sequential feeding trials were employed for each replication. Each of 
the experimental diet was assigned to another tank between each replication. 
6.2.3.2.3 Faecal coUection and treatment 
Faeces were collected in a trap using a modification of the Guelph method (Cho & 
Bayley, 1982) (plate 6.2) . The faeces were collected daily and frozen (- 20 °C) for eight 
consecutive weeks. Then, the faecal material was dried and analysed. 
Plate 6.2: Flow through marine tank system supplied with fish faeces collection 
device in Fish Nutrition Laboratory, Canakkkale Onsekiz Mart University, Turkey, 
used in digestibility trial. 
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6.2.3.2.4 Calculation of nutrient apparent digestibility coefficient 
Digestibility of the nutrient components in diets were calculated according to the 
following fonnula described by (Lupatsch et al., 1997). 
ADC(%)= lOO- [lOO x (Y203dict I Y203 f:1cccsl x (nutrient faeces/nutrient diet)] 
Where ADC is the apparent digestibility coefficient. 
6.2.3.3 Palatability trial 
6.2.3.3.1 Experimental diets 
The experimental diets used in this trial were the same diets used in the feeding trial 
experiment as described in chapter SA section 5A.2.4. The six diets were isonitrogenous 
and isocaloric, fonnulated by replacing fishmeal protein and oil with various fish silage 
products such as apple pomace (diet 2), molasses (diet 5) and fonnic acid (diet 6) fish 
silages. Diet I acted as the control, diet 3 and diet 4 with apple pomace tish silage also 
included a commercial polychaete wonn meal tested as an attractant at levels of I% and 
5'Yo, respectively (table 6.2). 
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Control APFS APFS APFS MFS FAFS 
+%1 +%5 
PWM PWM 
Herring Meal L T92 62.41 50.63 49.99 47.46 48.99 51.11 
Apple pomace fish 31.87 31.56 30.33 
silage 
Molasses fish silage 36.04 
Formic acid fish silage 21.02 
Polychaete worm meal 1.00 5.00 
Wheat Carrier Flour 25.82 14.35 14.30 14.06 11.82 24.72 
Cod liver oil 8.62 
Vitamin Mineral 2.00 2.00 2.00 2.00 2.00 2.00 
Premix 
Carboxymethyl 1.00 1.00 1.00 1.00 1.00 1.00 
cellulose 
Vitamin C 0.10 0.10 0.10 0.10 0.10 0.10 
Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05 
Percent proximate composition (in dry basis weight) 
Moisture 3.88 3.97 4.81 5.35 5.06 4.28 
±0.44 ±0.30 ±0.32 ±0.29 ±0.18 ±0.23 
Protein 45.95 45.75 47.01 48.20 47.22 47.75 
±0.95 ±0.67 ±0.73 ±0.62 ±0.35 ±0.31 
Lipid 14.03 16.35 16.46 16.39 15.88 15.02 
±0.10 ±0.07 ±0.07 ±0.01 ±0.05 ±0.28 
Ash 9.78 8.43 7.86 8.73 9.83 9.90 
±0.50 ±0.67 ±0.42 ±0.99 ±0.77 ±0.85 
Gross energy( KJ g- 1) 21.37 21.53 19.28 21.55 21.23 21.92 
±0.01 ±0.04 ±0.03 ±0.04 ±0.34 ±0.00 
APFS: Apple pomace fish silage, A PFS+ I 'X, PW!\'1: Apple pomace fish silage + 1% 
Polychaete wo1111 meal, APFS+S%PWI\'I: Apple pomace fish silage+ 5% Polyehnete wo1111 
men!, MFS: Molasses tish Silage and FAFS: Formic acid fish silage. 
6.2.3.3.2 Facilities, experimental design and conditions 
The trial was conducted in the marine experimental system of the Canakkkale Onsekiz 
Mart University, Fish Nutrition Laboratory. Turkey (plate 6.3 ). A total of 30 tish were 
stocked randomly into 18 " 200 L cylindrncnnical tanks. Fish was held under artificial 
light with a photoperiod regime or 12 h light and 12 h dark. Water temperature, 
dissolved oxygen, pH and salinity were monitored each clay and averaged 19.4± 0.21 
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°C, 8.7 ± 0.05 mg r 1, 7,9 ± 0.01 and 24.0 ± 1.20 o/oo, respectively. Water flow rate was 
approximately 8.0 Llmin for each tank. Triplicate groups were fed by hand three times 
(09:00; 13:00 and 17:00) a day to visual satiation and feed intake was recorded daily for 
62 days. 
Plate 6.3: Flow through marine tank system in the Fish Nutrition Laboratory, Canakkkale 
Onsekiz Mart University, Turkey, used in palatability trial . 
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6.2.3.3.3 Palatability assessment 
The palatability of diets was calculated according to the following formula: 
RADFI (% bw/d) = SGR x FCR 
Where RADFI is the relative average daily feed intake, SGR is the specific growth rate 
(%) and FCR is feed conversion ratio. 
6.2.4 Proximate composition analysis 
The proximate composition analysis of raw materials (table 6.3), feed inb>redients (table 
6.4), diets (tables 6.1 and 6.2) and faecal material in respect to moisture, protein, lipid and 
ash were detennined as described in chapter 2 section 2.2.1. 
Table 6.3: Proximate composition (Mean± SD, % w/w wet mattert) of whole sardine, 
apple pomace and molasses used in the preparation of fem1ented and acid fish silage. 
Minced sardine Apple pomace Molasses 
Moisture 61.20±0.5 I 7.42±0.04 25.77±0.29 
Protein 16.18±0.21 3.81±0.13 5.03±0.07 
Lipid 16.24±0.69 1.20±0.10 0.00±0.00 
Ash 5.71±0.07 1.52±0.02 10.35±0.66 
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Table 6.4: Proximate composition (Mean± SO, g/1 00 g dry matter) of ingredients used 
in the experimental fish diet preparations. 
FM PWM WF APFS MFS FAFS 
Dry matter 90.46 97.01 86.83 96.15 95.14 97.3 
Protein 68.48 50.62 15.32 32.90 33.92 39.54 
±1.20 ±1.01 ±0.39 ± 1.15 ±0.34 ±0.15 
Lipid 7.57 15.19 2.47 35.37 32.47 49.85 
±0.07 ±0.16 ±0.02 ±1.20 ±1.00 ±1.20 
Ash 17.26 12.79 3.86 3.08 4.81 4.20 
±0.27 ±0.17 ±0.05 ±0.39 ±0.29 ±0.84 
FM: Fish meal (Scottish fish meal, United Fish Products Ltd, Aberdeen, UK). PWI\1: 
Polychaete wonn meal (Freeze dried polychaetes wom1 meal, Seabait Ltd, UK). WF: 
Wheat flour (Carrier flour, Dragon Feeds, UK). A PFS: Apple pomace fish silage. M FS: 
Molasses fish silage. FAFS: Fonnic acid fish silage. 
6.2.5 Determination of gross energy 
Gross energy in diets and faeces was determined by the lsoperibol bomb calorimeter, 
1356 as described in chapter 2 section 2.2.1.6. 
6.2.6 Determination of Yttrium 
Yttrium content in diets and faeces analysed as described in chapter 2 section 2.2.1.7. 
6.2.7 Statistical analysis 
The data was analysed statistically by one-way analysis ol" variance (ANOV A) using 
Minitab 15 sol1ware. The differences between means were tested by multiple range test 
(Tukey·s pairwise comparisons test). 
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6.3 RESULTS 
6.3.1 ;\pparent digestibility coefficient 
6.3.1.1 Dry matter digestibilit)' 
FAFS and MFS diets demonstrated the best results in tem1s of dry matter digestibility 
(58.03% and 49.76%) respectively, being significantly different (P< 0.05) compared 
with the control diet (32.47%). Apple pomace fish silage diets did not pcrfom1 well with 
scabass and produced significantly lower (P<0.05) ADC values compared with the other 
treatments (table 6.5). 
6.3.1.2 Protein digestibility 
The ADC for protein ranged from 77.59 to 88.72% (table 6.5). The highest values were 
obtained for F AFS, control and MFS (88. 72%, 83.84% and 83.36%), respectively, with 
significant differences (P<0.05) were recorded between FAFS compared with other 
treatments. Apple pomace fish silage diets demonstrated the lowest ADC and 
significantly different (P<0.05) compared with other treatments (table 6.5). 
6.3.1.3 Energy digestibility 
Energy digestibility eoeflicients for the experimental diets ranged ti·om 44.16 to 
77.37%. The highest values were obtained tor FAFS and MFS (77.37''/o and 73.4l'Yo) 
respectively, with significant differences (P<0.05) were recorded between FAFS and 
other treatments. Apple pomace tish silage diets gave the lowest ADC and this was 
significantly different (P<0.05) compared with other treatments (table 6.5). 
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6.3.2 Palatability 
It can be observed from the results displayed in table 6.6 that MFS and APFS+% I PWM 
diets produced the highest levels of relative average daily feed intake (% bw/d) ( 1.32 
and 1.29) respectively which were significantly difference (P<0.05) compared to other 
diets evaluated. With regard to feed intake parameters, it appeared that the MFS diet 
was the most palatable throughout the experimental diets followed by APFS+ I% PWM 
( 1.29), APFS ( 1.1 0), APFS+5% PWM ( 1.07), control (0.98) and FAFS (0.97). 
170 
Table 6.5: Dry matter and nutrient apparent digestibility coefficients (ADC), (Mean±SD) calculated on a diet basis in sea bass. 
Diets 
Control APFS APFS+I% PWM APFS+5% PWM MFS FAFS 
Dry matter 32.47±2.98" 14.88±3.06h 15.90±0.67h 10.93±3.00c 49. 76±0.93d 58.03±1.67c 
Protein 83.84± 1.32" 79.23±0.73" 78.51±0.41 he 77.59±0.74c 83.36±0.44" 88.72±0.41c 
Energy 56.54± 1.98" 46.56±2.65h 46.88±3.88h 44.16±2.49b 73.41±0.21" 77.37±1.33d 
"><«values in the same raw with the same superscript are not significantly different (P>0.05) 
Table 6.6: Specific growth rate ('X,) (SGR), feed conversion ratio (FCR) and relative average daily feed intake(% bwld) (RADFI) (Mean± 
SD) determined throughout the palatability trail. 
Diets 
Control APFS APFS+I% PWM APFS+5% PWM MFS FAFS 
Initial weight 20.64±0.69" 20.02±0. 70" 20.23±0.81" 20.80±0.86" 20.20±0. 72" 20.80±0. 73" 
Final weight 41 .20± 1.04" 36.40± I. 73" 36.50±1.72" 4 I. 91 ± 1.3 0"" 33.50± 1.1 od 43.37±1.28" 
SGR 1 1.12±0.01" 0.96±0.0i' 0.95±0.0 In 1.13±0.02" 0.82±0.0 I c 1.19±0.0ld 
FCR 2 0.88±0.02" 1.14±0.03\1 0.95±0.03c 0.95±0.03<1 1.62±0.03" 0.82±0.0 I r 
RDH~ 0. 98±0.005" I. I 0±0. 003" 1.29±0.002c 1.07±0.02d 1.32±0.01 c 0.97±0.0031" 
"""'"Values in the same raw with the same superscript are not significantly different (P>0.05). Specific h'TOwth rate (%): (In final 
bodywcight- In initial body weight) '' I 00 I (days). 2Fced conversion ratio: feed intake DM I live weight gain. 3Relative average daily feed 
intake(% bw/d): SGR x FCR. 
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6.4 DISCUSSION 
ADCury mouer of the experimental diets obtained from this trial was relatively low (I 0.93-
58.03%) (table 6.5) comparing to the results obtained by Fagbenro and Jauncey, ( 1994); 
Fagbenro and Jauncey, ( 1995b) and Fagbenro and Jauncey, ( 1998) who found high 
ADCu1y """'"'" (82.4-85.9%) of fennentecl fish silage diets feel to tilapia ( Oreochromis 
niloticus). However Viclotti et al., (2002) reported lower ADCu1y mauer results (68.23-
78.89%) for Pacu (Piaractus mesopotamicus) fed fish silage. It was observed that AD 
dry"""'"'" value increased with the increasing level of fish silage in major carp (Cirrhinus 
mrigala) diets, thus, the highest ADCdry mouer values were recorded with 75% 
substitution of fish meal by sulphuric or fonnic acid fish silages (82.32% and 80.56%) 
respectively, compared with fish meal-based diet (68.34%) (Ali et al., 1994). Also 
Hardy et al., ( 1984) found that incorporation of high level of eo-dried fish silage (50%) 
in rainbow trout diet had a higher ADC,Iiy mauer (65.8%) than ( medum, 25'Yo) or (low, 
12.5%) levels (59%,56%) respectively. 
The overall low ADCdry """'"'" throughout all the experimental diets compmed to the 
literature findings mentioned previously may be attributed firstly to the whole wheat 
carrier flour used as the filler. This ingredient contains apart fi·om the starch, non-starch 
polysaeeharides such as, cellulose that not easily digestible by sea bass (Kaushik, 2002). 
Secondly, the presence of pectin (oligosaccharides) in apple pomace matter compound 
this problem. as pectin has gel forming properties during mixing of ingredients prior to 
pelleting which could interfere with the digestion process causing poor ADC11,. m: 111 ,.,. 
compared with other treatment. Thirdly, the fish meal used may not he of a high quality, 
the origin and processing of the fish meal used in this study might be related to this 
problem (Ali cl a/, 1994). 
The ADCrrntein of the fish silage diets obtained fi·om this trial (77.59-88.72%) were 
somewhat similar to other studies. Fagbenro & Jauneey, ( 1994): Fagbenro ( 1904): 
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Fagbenro et al., (1994); Fagbenro & Jauncey, (1995a); Fagbenro & Jauncey, ( 1995b ); 
Fagbenro et al., (1997) and Fagbenro & Jauncey, ( 1998) conducted digestibility trials 
on both tilapia and catfish using fennented tish silage diets. They found that the 
ADCrrotcin were (78.3-88.1 %) and (79.4-87.2%) respectively. Also Vidotti et al., (2002) 
found that the ADCrrotcin of fennented and acid tish silage diets fed to Pacu (Piaracflls 
mesopolamicus) ranged from 72.48 to 88.1 %. lt was found that the ADCprotcin of acid 
fish silage diets fed to rainbow trout were (75.8'%-94%) (Hardy et al., 1984; Stone et 
al., 1989). 
The ADCcncrgy values in te1ms of MFS and F AFS treatments obtained in this study were 
more or less the same as the results reported previously by Fagbenro, ( 1994); Fagbenro 
& Jauncey, ( 1994); Fagbenro & Jauncey, ( 1995b ); Fagbenro, (1997) and Fagbenro & 
Jauncey, ( 1998). Generally they all found that the ADCcnergy of fem1ented fish silage 
diets fed to tilapia and catfish were (76.9-86%) and (68.7-80.1%) respectively, while 
apple pomace tish silage diets yielded lower values. 
lt was shown in the present study that the protein and energy contents of apple pomace 
fish silage diets were less digestible than the other diets which is perhaps attributable to 
the gelatinization of pectin during mi:-;ing prior to pelleting. This can bind important 
nutrients such as protein and oil making them unavailable. Consequently, this has a 
negative effect on the digestibility of protein and energy and absorption. 
Due to the unavailability of data concerning the digestibility of tish silage diets fed to 
European sea bass, it was necessary to compare the results obtained from this study with 
other studies conducted on European sea bass fed other protein source than fish silage. 
Therefore, results of other studies on total and partial replacement of tish meal by plant 
protein sources in diets for European sea bass (Diccntrarchus lubrax) are relevant. In 
general, ADC"''" ,11., 11 cr (70.11-86.8'%). ADCp,.,,,.;, (88.39-96.1 'X,) and ADC,,,1gy (72.13-
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95.3%) were much higher in tenns of ADCdry ma1tcr compared the current study with fish 
silage (10.93 - 58.03%). While ADCprotein for FAFS treatment is the only one to fall 
within the range (88.72%), whereas MFS and F AFS treatments fell within the range 
(73.41% and 77.37%) in tenns of ADCncrgy respectively (Gouveia & Davies, 1998; 
Oliva-Teles & Gon<;:alves, 2001; Kaushik el al., 2004). 
It was clearly evident from the palatability trial results that feed intake; palatability was 
not a factor in the reduction of growth and feed efficiency of seabass. Although, the 
MFS diet recorded the highest feed intake ( 1.32) this was less efficient in conve11ing 
feed into flesh (1.62), while, the FAFS diet had the lowest feed intake (0.97) it was the 
best perfonner in tenns of growth rate (I. 19). Therefore, feeding to satiation is 
imperative in the demonstration of feed intake response of fish to enable an accurate 
assessment of appetite. The effect of an ingredient on feed intake must be conducted 
independently of its etfects on utilization of energy and nutrients regardless of whether 
it has good biological value or not (Giencross el al., 2007). 
Finally, the APFS+% I PWM diet ranked a second as the most palatable diet for those 
tested ( 1.29). It's attrnctiveness in respect of palatability may be attributed to the 
inclusion of the polychaete worm meal as polychaete worms are a natural feed for all 
marine animals, being rich in all essential polyunsaturated t~ttty acids and has been 
widely recognized as a valuable maturation feeds for crustacean and tin tish broodstock 
(Olive, 1999). 
The sensory qualities of polychaete worm meal and feed stimulating properties require 
much more attention in aquafceds. This will be particularly important as we tend to 
reduce the tish meal levels in diets for marine lish with alternative and bland feed 
i ngred icnts. 
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CHAPTER 7 
General discussion and conclusions 
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Fish preservation by lactic acid fermentation depends upon rapid t,rrowth by the 
introduction of an inoculum bacteria, lactic acid production and inhibition of the growth 
of spoilage microorganisms causing declining a pH value (Owens & Mendoza, 1985). 
The main role of lactic acid bacteria is to fennent available carbohydrates by lowering 
the pH. This combination of low pH and lactic acid is the main preservation factor in 
fennented fish products (Ndaw el al., 2008). The results presented within chapter 3 
revealed that it is feasible to use apple pomace as a fennentable carbohydrate for fish 
silage production with 5% sugar content as the optimum level compared with molasses 
which is the common carbohydrate source being utilized. It has been stated that the 
amount of sugar affects directly the fennentation efficiency and demonstrated that the 
minimum quantity of sugar that perlonns a successful fennentation was 5% (Van Wyk 
& Heydenrych, 1985). lt was evident ti·om the data obtained that inoculation with lactic 
acid bacteria plays a critical role in the acceleration of the fem1entation process and 
perlonned better than the natural fennentation process. Rapid fennentation is desired 
tor cost reduction, to reduce the risk of spoilage by undesirable microorganisms and to 
avoid excessive protein hydrolysis in tish silage that reduces its nutritive value lor 
animals (Lindgrcn & Plcje, 1983: 1-laard cl al.. 1985; Dapkevicius cl al., 2007). 
lt can be concluded that more than I 0~ cfu g· 1 of tish should be used in the fermentation 
process to obtain a successful fermentation and not less than I Ox cti.1 g· 1 should he added 
i r intended to shorten the initial stages of fermentation to 24 h and achieve the safety 
t~1ctor of lower pH and high lactic acid production. lt was observed that I 03 cfu g· 1 or 
more were adequate to give successful fermentation and I Ox cfu g· 1 was ideal t()r a 
stable low pH and sufticient lactic acid production (1-lassan & Heath, 1986; Lasscn, 
1995). The reduction of pH of fish silage in this study to 4.5 within 24 h was l~1ster than 
what has been reported by Van Wyk & 1-lcydemych ( l 985) where they required 48 h to 
reduce the pl-1 to 4.5 or less. However, Hasan (2003) who required just 24 h lor a silage 
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preparation to reach pH 4 was in agreement with the findings of the present 
investigation. The differences in pH decline may be attributed to variations in the initial 
inoculum sizes used as Hassan & Heath (1986) employed I 05 cfu g· 1 where as Hasan, 
(2003) used I 0~ cfu g· 1 in his experiment. 
The successful fermentation perfonnecl in this study at 25"C and 35"C indicated that a 
wide range of ambient temperatures can be used.Those findings agreed with other 
authors observation (Fagbenro & Jauncey, 1993a; Zahar et al., 2002b). 
Lactic acid bacteria and total viable bacteria counts increased and reached a maximum 
value of 109 cfu g· 1 within 24 h, thus total viable counts were accounted for by lactic 
acid bacteria clue to the inhibition ability of lactic acid bacteria towards the growth of 
undesirable bacteria within the silage. The antimicrobial effects of lactic acid are 
believed to be exerted by the ability of the undissociatecl acid to diffuse through the cell 
membrane and then dissociating inside the cell causing a drop in pH and consequently 
resulting in nucleic acid and protein damage (Beal cl al., 2002). This inhibitory activity 
of lactic acid increases at low pH values (Sillikcr cl al., 1980). 
Lactic acid bacteria can also produce inhibitory compounds such as, bacteriocins and 
hydrogen peroxide which have the capability of inhibiting the growth of undesirable 
bacteria (Einarsson & Lauzon, 1995). 
Decreases in the chemical composition (moisture, protein, lipid and ash) of raw material 
(raw tish) after the ensiling process in this study (chapter 4 section 4.3.1.1) are in 
agreement with other authors results (Hassan & Heath, 1987; Fagbenro & Jauncey, 
1995a: ZCJhar e1 al., 2002a; Vidotti cl al .. 2003). In contrast, other studies recorded an 
increase or no change in chemical composition of raw material a tier the cnsiling process 
(AI wan el al., 1993: Ahmed & J\llahendrakar, 1996; Ndaw el al., 2008). In spite of the 
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variations observed in the chemical composition during the ensiling process and the raw 
sardine for moisture, protein, lipid and ash, the final product showed a balanced 
composition which makes it an interesting product in fish feeding. 
The decrease in the protein bound amino acid and consequent elevation in "free" amino 
acids occuiTing during the ensilage process in this study (chapter 4 sections 4.3.1.2 and 
4.3.1.3) could affect the availability of protein for fish metabolism. This would result in 
differences in growth perfonnance and feed conversion. The nutritive value of protein 
of any ingredient can be evaluated by detem1ining the "chemical score" which compares 
levels of essential amino acids between the test and standard proteins (Vidotti et al., 
2003). Yidotti, et al. (2003) calculated the chemical scores of fennented and acid fish 
silages using FAO/WHO/UNU ( 1985) standard and Nile tilapia requirements listed by 
N RC ( 1993) as references, found that arginine was the essential limiting amino acid (the 
lowest chemical score) of fennented silages where as tryptophan was the limiting amino 
acid in acid silages. These later workers found that all the silages tested satisfy amino 
acid requirements according to FAO/WHO/UN U ( 1985) and requirements for Nile 
tilapia (NRC, 1993 ). The biological value (BY) of protein depends on the levels of 
lysine, cysteine and methionine as the most important limiting amino acids for fish 
(Strom & Eggum, 1981 ). It is clear that further investigations should be conducted to 
determine whether silagcs produced in this study meet the amino acid requirements of 
European sea bass. This would be important when the information on sea bass amino 
acid requirements will be tim1ly established in future. 
In the present study, there were increases in total fi-ee amino acids in whole sardine after 
fermentation and acidification (chapter 4 sections 4.3.1.2 and 4.3.1.3) with the highest 
level recorded by molasses fish silage. The highest rate of protein hydrolysis or 
molasses fish silage may explain its poor nutritional value which resulted in lowest 
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weight gain, SGR, FCR, PER and ANPU (Chapter SA sections SA 4.3.1.2 and SA 
4.3.1.3) compared with other fish silages when fed to European sea bass (Dicentrarchus 
/abrax). It was observed that fish silage contains a high level of free amino acids has 
lower nutritional value compared to intact proteins (Kompiang et al., 1980). 
It was evident that storage of fish silage under the conditions of the storage experiment 
conducted in this study had only a minor effect on the chemical composition and amino 
acid profile of the finished silage (chapter 4 sections 4.3.2.1 and 4.3.2.2). The 
differences observed would not be expected to adversely affect the incorporation of 
stored fermented fish silage in fish diets. 
Non protein nitrogen (NPN) values were increased in both fish silage during the storage 
with time and temperature dependency (chapter 4 section 4.3.2.S). lt was revealed that 
total volatile nitrogen (TVB-N) values in stored apple pomace tish silage was elevated, 
with time and temperature dependency (chapter 4 section 4.3.2.6). Storage at IS"C -
3S"C presented significantly (P<O.OS) lower TVB-N than storage at 4S"C. It was stated 
that addition of salt or cooking (I 09"C, IS m in) of raw materials before ensiling 
eliminated continued protein hydrolysis by the inactivation of the autolytic enzymes 
within fish material and decreased the production of TVB-N (Fagbenro & Jaunccy, 
1993b). 
Increases of free fatty acid (FFA) content and high values of TBARS in stored apple 
pomace and molasses tish silages were observed in this study (chapter 4 sections 4.3.2.7 
and 4.3.2.8) which indicated that oxiclative r<lneiclity could be a problem and that 
treating raw !ish silage with ::mtioxidant agents such as etlwxyquin could prevent lipid 
oxidation during storage condition (Fagbenrn & .Jaunccy, 1998). or removal of oil 
before storage (J ohnsen & Skrcde, 1981 ). 
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Fennented and acid fish silage can be partially substitute fish meal in balanced diets for 
European sea bass (Dicentrarclws /abrax) without causing any detrimental effect in the 
growth perfonnance, feed utilization and general health (chapter SA sections SA 4.3.1.2 
and 5A 4.3.1.3). 
Generally, the lower performance of European sea buss (Dicentrarchus labrax) fed fish 
silage diets compared to u fish meul based diet in this study could be potentiully 
improved by lowering the protein hydrolysis during ensiling by either preheuting or 
udding salt to the raw materials prior to ensiling process. These treatments inactivate 
the endogenous autolyzing enzymes and decreases the tom1ation of free amino acids 
(Fagbenro & Jauncey, 1993b). More details about the mechanism of how high levels of 
free amino acids can affect the protein utilization in fish were described in chapter SA 
section 5A.4. 
The general fish health and associated haematology results of the current study indicates 
that feeding European sea bass (Dicentrarchus /abrax) with fish silage diets had no 
harmful effects on the health of the fish and certainly did not compromise growth 
perfonnance (chapter 58 sections 58.3.1 and. 58.3.2). In particular the livers sampled 
fl·om sea bass showed normal histological structure and no signs of speci fie pathology 
apmi tl·om minor fat and glycogen deposition throughout the experimental fish at the 
end of the trial (chapter 58 section 58.3.1 ). The hepatic lipid findings obtained 
throughout this study gave just some information regarding the presence and extent or 
fat deposition in the livers of fish fed the experimental diets; thus, further investigation 
should be conducted to obtain more detailed information such as, size and number of 
lipid droplets and liver ultra-structural changes using transmission electron mieroscopy. 
Additionally, the incorporation or polychaete worm meal in the apple pomace fish 
silage diets appeared to improve the microvilli m01vhology in the intestine with a 
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consequent mcrease 111 microvilli density which is of benefit to gut health and 
absorptive capacity (chapter 58 sections 58.3.3.1 and 58.3.3.2). 
APFS+ I %PWM and FAFS diets stated the highest gut perimeter ratio, have shown 
more complicate villi structure compared with tish fed the other experimental diets. 
Polychaete meal may therefore also play an important role in improving the gut 
morphology of tlsh fed commercial type diets especially high levels of plant products. 
Moreover, a complete picture of gut and microvilli morphology can be obtained by 
further observation focusing on the measurement of microvilli length and examine the 
ultra-structure of the enterocytes using transmission electron microscopy. 
In respect of digestibility of nutrients, ADC"'' maHer of tish silage diets as well as tish 
meal diet were low compared to other values reported in the scientitic literature and the 
possible reasons are stated in chapter 6 section 6.4. However, ADC 11,.,1,.; 11 of fish silage 
diets were acceptable and agreed with other authors' findings (chapter 6 section 
6.3.1.2). However, it appeared that apple pomace tish silage was less digestible in tenns 
of ADCenergy compared to other fish silage diets and even to a fish meal based diet clue 
to some negative effects which arc discussed previously in chapter 6 section 6.4. 
It was clear that MFS and APFS+'Yol PWM diets were the most palatable diets among 
the experimental diets tested and it may be that the inclusion of polychactc wom1 meal 
helped to increase the feed intake due its attractive propc11y and high nutritional value 
(chapter 6 section 6.3.2). 
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7.1 FUTURE WORK 
7.1.1 Extending the application offeeding apple fish silage to other fish species 
The findings of the cun·cnt study arc interesting and worthy of extending the research 
to other marine and fresh water fish such as gilthcad scabrcam, turbot, Atlantic salmon, 
rainbow trout, carp, sea trout, European eel, catfish and tilapia as well as new candidates 
for aquaculturc like grouper and cobia. As the aquaculturc industry is destined to 
intensify and diversify to include new species, there is pressure to find novel protein 
ingredients that can be incorporated in fish diets to produce n good nuttitional response. 
Conducting research on new candidate species is required to evaluate the optimum of 
inclusion level of npple ponwce fish silnge in fom1ulnted diets with an emphasis to 
reduce the level of fish men!. 
7 .1.2 Removal of fat from silage product 
Due to susceptibility of fish silage to lipid oxicbtion which can compromtsc the 
nutritional of value of this material, the author recommends that in order to increase the 
stability of fish silage and its commercial value a technique must be established tor the 
oil to he removed before storage. This is particular important when fatty species like 
sardine are employed as raw basic materials in fish silage preparation. Removal of fat is 
usually applied hy heating the product to 95"C t\1r 5 min then the major part of the fat in 
the autolysate is eliminated by centrifugation (Johnsen & Skrecle, 1981 ). 
7 .I.J Evaluation fish silage diet on a commercial scale 
ivlost feeding trials evaluating different ingredients for application in aquaculture feeds 
use small size or juvenile fish due to their rapid growth rate in a short period of time. 
Extending the growth experiment period until the fish reach marketable size would 
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provide a more clear judgment of the nutritional value of the test ingredients under 
consideration. This validation method is necessary to provide confidence and increase 
the consumer's acceptance of the final product. Various diet fom1ulations designed for 
each production phase including nursing and growing stage in production scale facilities 
and conditions are required to meet this objective. 
7.1.4 Flesh quality of wild vs farmed sea bass (Diccntrarchus /abrax) 
Flesh is the main edible pmi of fish and responsible for their nutritional value to the 
consumer. Flesh quality is a group of characters including intrinsic factors such as 
texture, chemical composition, colour, lipid content (Fauconneau et al., 1995), and is 
influenced by extrinsic factors such as the pre- and post-mortem handling of the fish 
(Gjerdrem, 1997). The quality features of the sea food products are dependent on factors 
involved in the production processes. Generally, the chemical composition and sensorial 
parameters differ between wild and farmed fish (Netteleton & Ex !er, 1992). The 
chemical parameters of wild fish are influenced by the sea environmental conditions, 
which essentially provide the nutrients available for growth and development. While in 
cultured fish, feeding solely with manut~1cturcd diets provides a complete spectrum of 
the nutrients which in fact not only determines !ish growth perfomwnce but also llesh 
composition, especially the lipid content, which may be quantitatively and qualitatively 
altered (lzquierdo et al., 2003). However. tlesh protein content is less atfectcd by 
external feeding being primarily reliant on intrinsic bctors such as the tish species, 
variety and size (Shearer, 1994). Regarding the organolcptical properties, a high content 
of lipid in the cultured tish could result in an inferior texture (.lohnston et al., 2000). 
Theretore, the comparison of tlesh quality between wild and hmned sea bass feed !ish 
silage based diets and its correlation with textural and physico-chemical parumeters is 
interesting and wo11hy of much further research in order to explore any relationship 
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between feed dietary nutrients and flesh characteristics. This study may contribute to 
understand the nutritional quality of sea bass, and the sensorial acceptance by 
consumers. 
7.1.5 Implication of other carbohydrates sources other than apple pomace 
Apart from apple pomace there are many other industrial by-products resulting from 
fi·uit processing plants such as bananas, papayas, pineapple, citrus, kiwi fruit, grape and 
dates which can be technically utilized for other useful purposes to save both the 
environment and enhance their economic value. These commodities contain fennentable 
sugars that can be used in the fennentation process, thus further work should be 
conducted on testing the feasibility of using those by-products as a carbohydrate source 
for practical fish silage fem1entation and preparation. Consequently, investigations of 
silage products both chemically and biologically have to be conducted in a series of 
more comprehensive trials involving laboratory experiments. 
7.1.6 Detection of biogenic a mines as a fish silage quality criterion 
Ensiled fish contains a considerable amount of the fi·ee amino acids that constitute the 
precursors for biogenic amines such as histamine, tyramine, putrescine and cadaverine 
(Ha<ml et al., 1985). Biogenic a mines arc ltmned by decarboxylation of their precursor 
amino acids, as a result of the action or either endogenous amino acid decarboxylase 
activity or by the growth of decarboxylase positive microorganisms (Dapkevicius et al., 
2000). The low pH (<4.5) and the physical characteristics or lish silage that lead to a 
low oxygen concentration within the ensilcd lish are f~tvourablc condition I(H the action 
of amino acid decarboxylascs. Thus, biogenic amines may pose a potential risk in lish 
silage. These compounds arc toxic for livestock, causing liver damage and reducing the 
performance of the animals. In susceptible humans, they can lead to a variety of 
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cutaneous, gastrointestinal, haemodynamic and neurological symptoms (Dapkevicius et 
al., 2000). Seventy-seven lactic acid bacteria cultures isolated from natural fennented 
fish pastes at 15 and 22"C and selected combinations of these isolates were examined 
for histamine, tyramine, cadaverine and putrescine production. Of the isolates tested, 
17% were found to produce one or more of these biogenic amines (Dapkevicius el al., 
2000). Zahar et al. (2002a) found that histamine levels increased during the first days of 
the ensiling process of sardine at 25 and 35"C to reach a maximum then declined to 
stabilize during the rest of the experiment (39 days). 
Therefore further work on biogenic amines examination during storage of fish silage is 
of significant imp011ancc with respect to animal, fish and human health. 
7.1.7 Cost evaluation of fish silage as alternative to fish meal in fish diet using 
Libyan local ingredients 
Libya is a country located in North Afi·ica bordering the Mcdite1nncan Sea to the north, 
with a coastline length 1970 km.The total estimated quantity of fish landed according to 
the sampling survey cmTicd out in 2004 was 38,596 mt, in which pclagic landing 
amounted 20,587 mt and demersal landing 18,009 mt. All catches arc sold and 
consumed fl·esh except for a part of the small pelagic catch such as sardine which goes 
mainly to canning for local markets or as tishmeal during high peak production (FAO, 
2009b). 
The date palm cultivation also has very important economic concems t<.1r Libya with 
about 6 million date palm trees being cultivated (Edongli et al., 1993). Low grade date 
fruits which are not accepted for packaging or no interest to consumers arc utili~ecl tt1r 
the production of date syrup. The extracted pulp or by-product comes ti·om the Libyan 
date syrup (Rub AI-Tamr) industry contains 21.91 'Yo total sugar (dry weight basis) 
which has been previously used succcssti.dly as a carbohydrate source in the preparation 
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of sardine fish silage by biological fermentation. The nutritive value of the silage 
produced was evaluated by feeding it to a common carp tish by EL-Ajnaf ( 1997) prior 
to other tish species. 
According to previous information it is interesting and potentially useful to promote the 
application of ensilage technology in Libya using elate syrup by-product for preserving 
over-catch fish and fish cannery by-products. This could replace the transfer of these 
materials to fish meal in manufacturing units when tish quantities are too small for 
viable operation of a commercial fish meal plant. The fish silage product can then be 
incorporated into suitable diets for the major Mediterranean cultured tish. Diets can be 
fom1ulated with a combination of feed ingredients in order to provide the fish with a 
balanced nutritional feed at the least possible cost using such techniques as Least-cost 
fonmilation software. 
This study has demonstrated the feasibility of using biological fennentation to preserve 
by-catch, over-catch and processing waste tish and converting them into a valuable feed 
ingredient that can be incorrorate in aquafeeds for carnivorous and omnivorous tish 
species and could reduce dependence on expensive tish meal. The application of 
ensilage technology would save in equipment and energy compared to the conventional 
tish meal industry and is especially appropriate where small amounts of organic wastes 
arc available for conversion into higher quality commodities. This programme of work 
has served to demonstrate the feasibility of such a system for sea bass and has clear 
potential for many other species of tish and possibly crustacean species in many regions 
of the world. Although this research can be viewed as preliminary in its findings, the 
concept has far reaching implications in the quest for a sustainable aquaculture agenda 
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